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PREFACE TO THE THIRD EDITION. 



■4♦■ 



In the light of extended experience in teaching Practical 
Physiology, I venture to submit a Third Edition of this little 
work. The essential features remain unchanged; but there has 
been some re-arrangement of the subject-matter, and many addi- 
tions have been made, including a short Appendix on Recording 
Apparatus. 

In preparing the Chemical Part, I have made use of the Text- 
books of Gamgee, Halliburton, Neumeister, and Salkowski ; while, 
for the Experimental Part, I found numerous valuable suggestions 
in the practical works and syllabuses of my friends, Professors 
Gotch, Halliburton, Fredericq, and Dr Schenk. I have to express 
my thanks to Professor Fick of Wiirzburg for several improvements 
in the Lessons on Muscle. 

A large number of new woodcuts have been added (chiefly in the 
Experimental Part) ; and for communications and several original 
drawings — some of the latter illustrating new methods described 
by their authors— I am indebted to my friends and colleagues, 

a2840 
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2 PRACTICAL PEnrSIOLOGY. [l. 

1. Preparation of a Solution of 'Egg-Albmnm— Soluble in 
Water, — Place the unboiled white of an egg in a porcelain capsule 
(taking care that none of the yolk escapes), and cut it freely many 
times with scissors to disintegrate the membranes, and thus liberate 
the albumin. Add twenty volumes of distilled water, shake the 
mixture vigorously in a flask until it froths freely. Cork the flask 
and invert it, moutli downwards, over a porcelain capsule; the 
froth and debris float to the surface, and, after a time, if tlie 
cork be gently withdrawn to allow the fluid to escape, a slightly 
opalescent fluid is obtained. The opalescence is due to the pre- 
cipitation of a small quantity of globulins. If the fluid be too 
opalescent, strain through flannel or several folds of muslin. Such 
a solution filters slowly, so that it is better to employ several small 
filters if a clearer solution be required. If the fluid be alkaUne, 
neutralise it with 2 per eent. acetic acid. Egg-white contains about 
11-12 per cent, of egg-albumin, together witli small quantities of 
globulins, grape-sugar, and mineral matter. 

Crcneral Eeactions. — (A.) Colour Reactions. 

(a.) Xanthoproteic Eeaction.— Add strong nitric acid = a 
white precipitate, which on being boiled turns yellow. After cool- 
ing add ammonia = tlie yellow colour or precipitate becomes orange. 

(h,) Millon's Test = a whitish precipitate which becomes brick- 
red on boiling. A red colour of the fluid is obtahiod if only a 
trace of proteid be present. 

Preparation of MiUon's Beagent. — Dissolve mercury in its own weight of 
strong nitric acid, specific gravity 1.4, and to the solution thus obtained add 
two volumes of water. Allow it to stand, and afterwards decant the clear 
fluid ; or take one part of mercury, add two parts nitric acid, specific gravity 
1.4 in the cold, and heat over a water-batn till complete solution occurs. 
Dilute with two volumes of water, and decant the clear fluid after twelve 
Kotirs. 

{c.) FiotrowsM's Reaction. — Add excess of strong solution of 
caustic soda (or potash), and then a drop or two of venj dilute solu- 
tion of cupric sulphate (1 per cent.) = a violet colour. The reaction 
occurs more quickly if heat is applied, and the colour deepens. 

The peptones and albumoses give a rose-jdnk colour, instead of a 
violet, if only a trace of copper sulphate is used. 

(B.) Precipitation. — Peptones and albumoses are exceptions in 
many cases. 

(ri.) The solution is precipitated by (i.) lead acetate ; (ii.) mer- 
curic chloride; (iii) picric acid; (iv.) strong acids, e.g., nitric; (v.) 
tannin ; (vi.) alcohol. 

(e.) Make a portion strongly acid with acetic acid, and add 
potassic feiTocyanide = a white precipitate. 

(/.) Saturate it with ammonium sulphate by adding crystals of 
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the salt, and shaking vigorously in a tube or flask. This precipi- 
tates all proteids except peptones. Filter ; the filtrate contains no 
proteids. 

{g, ) By hydrochloric acid in a solution saturated with common salt. 

(A.) By alcohol, except in the presence of a free alkali. 

(i,) Precipitate a portion with (i. ) meta-phosphoric acid ; (ii. ) phosphotung- 
stic acid, after acidulating with HCl. 

N.B. — ^Peptones are not precipitated by (e.) and (/.). 

'G.) Coagulation by Heat. 

j\) Heat the fluid to boiling — there is no coagulum of albumin 
formed — and then add, drop by drop, dilute acetic acid (2 per 
cent.), until a flaky coagulum of coagulated insoluble albumin 
separates. 

The coagulum comes down about 70** C. Unless the fluid 
be acidulated, the albumin does not coagulate. 

(k,) Boil and add nitric acid = a white or yellowish coagulum. 

(/.) Acidify strongly with acetic acid, add an equal volume of 
a saturated solution of sodic sulphate, and boil = coagulation. 
This precipitates all proteids except peptones. This method and 
the foregoing (;*.) are used for separating the albumin in a liquid 
containing it. 

(D.) (m,) IndiflFusibility. — Place some of the solution either in 
a dialyser or in a sausage-tube made of parchment-paper, and sus- 
pend the latter by means of a glass rod thrust through the tube 
just below the two open ends (Lesson IX.) in a tall glass jar tilled 
with distilled water, so that the two open ends are above the sur- 
face of the water. The salts (crystalloids) difluse readily (test for 
chlorides by nitrate of silver and nitric acid), but on applying any 
of the above tests no proteids are found in the diftiisate. They 
belong to the group of Colloid bodies. (Peptones, however, are 
difiusible through animal membranes.) 

(E.) (n,) Beaction of Adamkiewicz. — To white of egg add glacial acetic 
acid, and heat to get it in solution; gradually add concentrated suliihuiic 
acid » a violet colour with slight fluorescence. 

(0. ) Liebermann'B Beaction. — Wash finely powdered albumin first with 
alcohol and then with cold ether, and heat the washed residue with concen- 
trated hydrochloric acid = a deep violet-blue colour. This is best done in a 
white porcelain capsule, or on a filter-j)aper in a funnel ; in the latter case, 
the boiling acid is poured gently down the side of the filter- paper. 

For other colour reactions with cobalt sulphate and NH4HO, and KHO see 
Pickering, Jaum. 0/ Phys,, vol. xiv. 

2. Presence of Nitrogen and Sulphur in Albumin. 

(a.) Place some powdered dried albumin in a reduction tube, 

and into the mouth of the tube insert (i) a red litmus paper, 

and (2) a lead acetate paper. On heating the tube, tlie former 

^ beeomes blue from, the escape of ammonia, which can also be 
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smelt (odour of burned feathers), and tlie latter black from the 
formation of lead sulphide. 

(b.) Heat some dry proteid with excess of soda-lime in a hard 
dry tube ; ammonia vapour is evolved. 



and heat bIowIj at first, and then strongly. Alter 
cooling, add carefully .t cc. of water Ui the TfaCj 
residue, filter, and to the filtrate add a few drojs of 
ferric chloride and ferrnua sulphate, and then add 
flicess of hydrochloric acid. If nitrogen be present, 
there is a preci]iitate of Berlin blue, sometimes only 
seen after standing for a time. 

(iJ.) To a solution of albumin add an equal volume 
of solution of caustic polish and a few drops of lead 
acetate and boil for some time — slowly a brownish 
colouration, due t« lead sulphide. 

8. Determinatioa of TemperatDre of CoagnUtion 

(fig. I).— The reaction of the fluid must be neutral 
or iaebly acid "X glass beaker cootaining water 
is placed within a second larger beaker also contain- 
ing water, the two being sefiarated by a ring of cork. 
Into the water contained in the inner beaker there 
is immersed a testitube, in which is fixed an accurately 
graduated thermometer, provided with a long narrow 
bulb. The solution of the proteid, of which the 
tenijierature of coagulation is t« be determined, is 
placed in the test-tube, the quantity being jnst 
sufficient to cover the thermometer bulb. The whole 
De- ajijaratus is then gradually heated, and the e;q)eri- 
"'■" menter notes the temperature at which the liquid first 
" shows signs of ojalescence" {Gamgee). 

i. CironmBlances Modifying the Coagulating TsropeTatnre, — Place ^ cc 
of tii<^ solution of albumin in eaish of three test-tubes, colour them with a 
neutral wilutioij oflitrnns, and label them A, B, C. To A add a drop of VBiy 
diluti^ acetic acid ( >.i |ier cent acetic acid diluted five or six times); to B 
add a veiT dilute solutioii of caustic soda (o. l per cent, of soda or potash 
similarly diluted]; C is neutral for comjiarison. Place all three tubee in a 
Ixukor with water and heat them gradually, noting that coagulation occurs 




first in A, ir 



n C, and not at all in B, the alkaline solution. 



CLASSIFICATION OF PROTEIDS. 

9. I. Native Albumins are soluble in mater, in dilute saline 
solutions, in saturated solutions of sodic chloride, and magnesium 
sulphate, and are not prpfiipitiitod by alkalino carbonates, sodic 
chloi'ide, or very dihite acids. They are prouipitatod by saturating 
tlicir solutions with ammonium sulphate. These solutions are 
•• ' '«i by heat at 70° to 73° C, although the temperature 
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varies considerably with a large number of conditions. When 
dried at 40** C. they yield a clear yellow coloured mass, " sojluble 
albtimin," which is soluble in water. 

(i.) Egg-Albumin. — Prepare a solution (Lesson I. 1.). 

(a. ) Evaporate some of the fluid to dryness at 40" C. over a water-bath to 
obtain '*8olubIe albumin." Study its characters, notably its solubility in 
water. This solution gives all the tests of egg-albumin. It is more con- 
venient to purchase this substance. 

(6.) The fluid gives all the general proteid reactions. 

(c.) Precipitate portions of the fluid with strong mineral acids, 
including sulphuric and hydrochloric acids. 

(d,) Precipitate other portions by each of the following : — Mer- 
curic chloride, basic lead acetate, tannic acid, alcohol, picric acid. 

(e.) Take 5 cc. of the fluid, add twice its volume of o.i per cent, 
sulphuric acid, and then add ether. Shake briskly = coagulation 
after a time, at the line of junction of the fluids. 

(/) The solution is not precipitated on saturation with crystals 
of sodic chloride or magnesic sulphate, but it is completely pre- 
cipitated on saturation with ammonium sulphate (NH4)2S04 (com- 
pare " Globulins "). 

{g.) A solution containing 1-3 per cent, of salts coagulates at 
about 56" C. 

(2.) Serum-Albumin. — Blood-serum (see "Blood") contains 
serimi-albumin and serum-globulin. Dilute blood-serum until it 
has the same specific gravity as the egg-albumin solution. A slight 
opalescence, due to precipitation of serum-globulin, is obtained. 
Neutralise the solution with very dilute acid until a faint haziness 
is obtained. 

Repeat the tests for egg-albumin, and, in addition, with undiluted 
blood-serum. 

(h,) Add crystals of MgSO^ to saturation, shaking the flask 
vigorously to do so = a white precipitate of serum-globulin. Filter. 
The filtrate contains serum-albumin. 

(i,) Saturate serum with (^114)2804 = white precipitate of both 
serum-albumin and serum-globulin. Filter. The filtrate contains 
no proteids. 

EGG-ALBUMIN. SERUM-ALBUMIN. 

(i.) Readily precipitated by (i.) It is also precipitated by 

hydrochloric acid, but the pre- hydrochloric acid, but not so 

cipitate is not readily soluble in readily, while the precipitate is 

excess. soluble in excess. 

(ii.) A non-alkaline solution (ii.) It is not coagulated by 

is coagulated by ether. ether. 
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EGO-ALBUMIN. SERUM-ALBUMIN. 

(iiL) The precipitate with (iii) The corresponding pre- 

nitric acid is soluble with diffi- cipitate is much more soluble 

culty in excess of the acid. in excess of acid. 

(iv.) The precipitate obtained (iv.) The corresponding pre- 

by boiling is but slightly soluble cipitate is soluble in strong 

in boiling nitric acid. nitric acid. 

(v.) Its solution is not pre- (v.) Gives the same reactions 

cipitated by MgSO^, but is as in ( 5, I. /). 
completely precipitated by 
(NH4),S04. 

[(vi.) When injected under [(vi-) When injected under 

the skin, or introduced in large the skin, it does not appear in 

quantities into the stomach or the urine.] 
rectum, it is given off by the 
urine.] 

(3.) Lact-Albumin, see "Milk." 

6. II. GrlobuUns are insoluble in pure water, soluble in dUute 
saline solutions — e.//., NaCl, MgS04, (^Hj)2S04 — but insoluble in 
concentrated or saturated solutions of neutral salts. Their solu- 
tions in these salts are coagulated by heat. They are soluble in 
dilute acids and alkaUes, yielding acid- and alkali-albumin respec- 
tively. Most of them are precipitated from their saline solution by 
saturation with sodic chloride, magnesium sulphate, and some other 
neutral salts. 

(i.) Serum-Globulin.— It forms about half of the total proteids 
of blood-serum. It is insoluble in water, readily soluble in dilute 
saline solutions (NaCl, MgSO^). Its solutions give the general 
reactions for proteids. Its NaCl solution coagulates at about 

75° c. 

(a.) Neutralise 5 cc. of blood-serum with a few drops of dilute 
sulphuric acid (o.i per cent.), then add 75 cc. of distilled water, 
and allow the precipitate to settle. Pour off the fluid and divide 
the precipitate into two portions, noting that it is insoluble in 
water, but soluble in excess of acid. 

{h.) Boil a portion of the neutralised fluid = coagulation. 

(c.) Saturate blood-serum in a test-tube with magnesium sulphate, 
shaking briskly for some time. Serum-globulin separates out and 
floats on the surface. Filter, and test the filtrate for serum- 
albumin. 

{d,) Place 5 cc. of blood-serum in a tube, and pour a saturated 
solution of magnesium sulphate down the side of the tube to form 
a layer at tlie bottom of the tube. Where the two fluids meet 
there is a white deposit of serum-globulin. 
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(e) Saturate blood-serum with crystals of sodium chloride or 
neutral ammonium sulphate = separation of serum-globulin, which 
floats on the surface. 

(/.) Precipitate the serum-globuhn with magnesium sulphate, 
and filter. To the filtrate add sodium sulphate in excess, which 
gives a further precipitate. The filtrate may still give the reactions 
for proteids. 

(2.)' Fibrinogen, see "Blood." 

(3.) Myosin, see " Muscle." 

(4.) Vitellin. — Shake the yolk of an egg with water and ether, as I'ng as 
the washings show a yellow colour. Dissolve the residue in a minimal 
amount of 10 per cent, sodium chloride solution. Pour it into a large quan- 
tity of water, slightly acidulated with acetic acid = white precipitate of 
impure vitellin. 

(a. ) Dissolve some of the precipitate in a very weak saline solution, and 
observe that it is not reprecipitated by saturation with sodic chloride. 

(6.) Test some of the weak saline solution •= coagulation about 75° C. 

(c. ) The precipitate is readily soluble in . i per cent, hydrochloric acid, and 
also in weak alkalies. 

(5.) Grystallin is obtained from the crystalline lens. 

(6.) Globin the proteid constituent of hsemoglobin. 

7. III. Derived Albumins (Albuminates) are compounds of 
proteids with mineral substances. Those produced by the action 
of acids or alkalies on albumins and globulins, yield respectively 
acidj-albumin and alkali-albumin. They are insoluble in pure water 
and in solutions of sodium chloride, but readily soluble in dilute 
hydrochloric acid and dilute alkahes. The solutions are not coagu- 
lated by heat. 



^i.^ Alkali- Albumin or Alkali-Albuminate. 



t 



To dilute egg-albumin add a few drops of o.i per cent, 
caustic soda, and keep it at 40° C. for 5-10 minutes = alkali- 
albumin. Boil the fluid ; it does not coagulate. 

^b.) Test the reaction ; it is alkaline to litmus paper. 

[c.) Cool some of the alkali-albumin, colour it with Htmus 
solution, and neutralise carefully with o. i per cent, sulphuric acid = a 
precipitate on neutralisation, which is soluble in excess of the acid, 
or of alkali. 

(d.) Repeat (c); but, before neutralising, add a few drops of 
sodium phosphate solution (10 per cent.), and note that the 
alkaline phosphates prevent the precipitation on neutralisation, 
until at least sufficient acid is added to convert the basic pliosphate 
into acid phosphate. Tlie solution must be decidedly acid before a 
precipitate is obtained. 

(e.) Precipitate by saturating it with crystals of common salt or 
magnesium sulphate. 

(/.) Lieberkiihn's Jelly is a strong solution of alkali-albumin. 
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Place undiluted egg-white in a test-tube, and add strong caustic 
potash. The whole mass becomes a jelly, so that the tube can be 
inverted without the mass falling out. 

(ff,) Its solution gives the general reactions for proteids under 

1(A.). 

(2.) Acid-Albumin [or Syntonin]. 

Preparation. — (A.) To dilute egg-albumin, add o.i per cent, sul- 
phuric acid, and warm gently for several minutes = acid-albumin. 

(B.) To finely-minced muscle, e.g., of frog, add ten times its volume of 
dilute hydrochloric acid (4 cc. of acid in i litre of water), and allow it to 
stand for seyeral hours, taking care to stir it frequently ; filter, the filtrate 
is a solution of a globulin combined with an acid, and has been called 
syntonin. 

(C.) Allow concentrated hydrochloric acid to act on fibrin for a time, and 
filter. 

(D.) It may be prepared by dissolving myosin in excess of . i per cent. HOI, 
and after a time neutralising the solution with sodic carbonate. 

(E.) To undiluted egg-white, add acetic acid = a jelly of acid-albumin. 

Use the clear filtrate from (A.) or (B.) for testing, 
(a.) The reaction is acid to litmus paper. 

[i4 



ih.) Boil the solution ; it does not coagulate. 



.) Add litmus solution, and neutralise with very dilute caustic 
soda = a precipitate soluble in excess of the alkah or acid. 

{d.) Repeat (c), but add sodium phosphate before neutralising ; 
the acid-albumin is precipitated when the fluid is neutralised; 
so that sodium phosphate does not interfere with its precipita- 
tion. 

(e.) Add strong nitric acid = a precipitate wliich dissolves on 
heating, producing an intense yellow colour. 

if.) It is precipitated like globulins by saturation with neutral salts, e.g., 
NaCl, MgS04, (NH4),S04. 
(g.) Boiled with lime-water = partial coagulation. 

8. rV. Gaseinogen, the chief proteid of milk was formerly 
regarded as a derived albumin. It is precipitated by acid. Like 
globulins it is precipitated by saturating milk with NaCl or MgSO^, 
but it is not coagulated by heat. (See " Milk.") 

9. V. Proteoses or Albumoses. — In the peptic and tryptic 
digestion of proteids these bodies are formed as intermediate pro- 
ducts. In peptic digestion of albumin, acid-albumin is first formed, 
and finally peptone. Between the two is the group of proteoses or 
albumoses. There are several of them, and they were formerly 
grouped together as hemi-albumose. These proteoses have been 
subdivided into albumoses, globuloses, caseoses, &c., according as 
they are derived from albumin, globulin, or casein. (See " Diges- 
tion.") Witte's peptone usually contains a small amount of 
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peptone, and much albumose. Dissolve some of this body in wann 
water, or preferably in lo per cent, sodium chloride. 

(a.) They are soluble in water; not coagulated by heat; and 
are precipitated by saturation with neutral ammonium sulphate. 
The precipitate with (NH4)2S04 partly disappears on heating, and 
reappears on cooling. They are precipitated but not coagulated 
by alcohol. 

(h,) Add nitric acid = a white precipitate which dissolves with 
heat (yeUow fluid) and reappears on coohng. Run tap water on 
the tube, the precipitate reappears. This is a characteristic re- 
action, and occurs best in the presence of NaCl. 

(c.) It, like peptone, gives a rosy-pink with Piotrowski's test. 

{d.) It is precipitated by acetic acid and ferrocyanide of potas- 
sium, but the precipitate disappears on heating, and reappears on 
cooling. 

(e.) It is precipitated by acetic acid and saturation with 
NaCl. The precipitate disappears on heating, and reappears on 
cooling. 

10. VI. Peptones are hydrated proteids, and are usually produced 
by the action of proteolytic ferments on proteids. They arc exceed- 
ingly soluble in water. Their solutions are not precipitated by 
sodic chloride, acids, or alkalies, nor are they coagulated by heat. 
They are precipitated by tannic acid, and with difficulty by a large 
excess of absolute alcohol. Not precipitated by (N 114)2804. 

Preparation (see " Digestion "). — For applying the tests dissolve 
a small quantity of Darby's fluid meat or commercial peptone in 
warm water. Commercial peptone contains only a small amount 
of peptone, and much albumose. 

(a.) Boil a portion ; it is not coagulated. 

{h.) Xanthoproteic Beaction. — Add nitric acid, and boil = a 
faint yellowish colour, and rarely any previous precipitate ; cool, 
and add ammonia = orange colour. 

(c.) Acidify strongly with acetic acid, and add ferrocyanide of 
potassium = no precipitate. 

{d,) Test separate portions with tannic acid; potassio-mercuric 
iodide ; mercuric chloride ; picric acid (saturated solution) ; and 
lead acetate. Each of these causes a precipitate. In the case of 
picric acid the precipitate disappears on heating, and reappears on 
cooling. 

(e.) Biuret Beaction. — Add excess of caustic soda, and then a 
few drops of vei'y dilute solution of copper sulphate = a rose colour ; 
on redding more copper sulphate, it changes to a violet. 

(/.) Add a drop or two of Fehling's solution = a ?'ose colour; add 
more Fehling's solution it cluinges to violet. 

(.//.) Neutralise another portion = no precipitate. 



t 
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(h.) Add excess of absolute alcohol* a precipitate of peptone, 
but not in a coagulated form. 

(t.) It is not precipitated by saturation with sodic chloride or 
magnesic sulphate, nor by boiling with sodic sulphate and acetic 
acid. 

(./.) Pure peptoniB is not precipitated by saturation with neutral 
sulphate of ammonia. N.B. — The other proteids are. Hence this 
salt is a good reagent for separating other proteids, and thus leaving 
the peptones in solution. 

fA:.) It also gives Millon's test. 

[/.) Diffusibility of Peptones. —Place a solution of peptones in 
a dialyser covered with an animal membrane, as directed in Lesson 
I. 1 (D.) (m.), and t^st the diffusate after some time for peptones. 
Peptones do not diffuse through a parchment tube. 

(m.) Saturate the solution of commercial peptones with (NH^)^ 
SO4 = a precipitate of albumoses or proteoses. Filter. The filtrate 
contains the pare peptone. 

11. VII. Coagulated Proteids are insoluble in water, weak 
acids, and alkalies, and are dissolved when digested at 35* to 40° C. 
in gastric juice (acid medium), or pancreatic juice (alkaline 
medium), forming first proteoses and finally peptones. They give 
Millon's reaction. 

There are two subdivisions : — 

(A.) Proteids coagulated by Heat. 

Preparation. — Boil white of egg hard, and chop up the white. 

(a.) Test its insolubility in water, weak acids, and alkalies. 

(b.) It is partially soluble in acids and alkaHes, when boiled for 
some time. 

(c.) Bruise some of the solid boiled white of egg, diffiise it in 
water, and test it with Millon's reagent. 

(ff.) For the effect of the digestive juices see "Digestion." 

(B.) Proteids coagulated by Ferment Action. 

(i.) FibrJn is insoluble in water and in weak solutions of 
common salt. When prepared from blood, and washed, it is a 
white, fibrous, soft, and very elastic substance, which exhibits 
fibrillation under a high magnifying power (see " Blood "). 

(a.) Place well-washed fibrin in a test-tube, add o.i per cent, 
liydrochloric acid. The fibrin swells up and becomes clear in the 
cold, but does not dissolve. 

{h.) Repeat (a.), but keep on a water-bath at 60* C. for several 
hours ; filter, and test the filtrate for acid-albumin by neutralisation 
with very dilute potash. 

(c.) To a very dilute solution of copper sulphate in a test-tube, 
add fibrin. The latter becomes greenish, wliile the fluid is 
decolourised. Add caustic soda, the flake becomes violet. 
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id.) For the effect of a dilute ftcid sod pepsin (see " Digestion "). ThcM 
"d^jest" fibrin, and convert it into proteose, and ultimately into peptone. 

{e.) It dfRomposee hydric peroxide, and turns freshly -prepared tincture of 
guaiacum blue (see " Blood "). 

(/.) Digest fibrin in lo iter cent, sodium chloride Ibr two days. A small 
part ia dissolved ; boil the fluid -coagulation. 

(ii.) Mtosin (see "Muscle"). 

(iii.) Casein (see "Milk"). 

(iv.) Glutbn (flee "Bread"). 

12. vlll. brdacein, or Amyloid Snbatuice. — This occurs in organs, e.g., 
liver and kidney, undergoing the jiathological degeneration known aa amyloid, 
waxy or wa» like, or albumenoid disease. It is insoluble in dilute acids or 
alkalies, and it is not acted on by the gastric juice. It gives several distinct 
re<Ktioni, not stains, with certain staining fluids. 

{a.) A solution of iodine in iodide of potassium gives a deep brown or 
mahogany stain -when iwured on a aeetion of a fresh waiy organ, 

{b.) With iodine and sulphuric acid occasionally a blue reaction ia obtained. 

(e.) Hethyl-violet and gentian-violet give a roaepink reaction with the 
waxy parts, while others, i.e., the healthy parts of an organ, give diflerent 
shaoea of blue or purple. 







18. Fractional Heat Ooagnlation, e.g.. of blood -seiuni. —The serum or 
other ttnid containing proteid is heated until a flocculent jirecipitate occurs. 
Filter. The filtrate la again heated to a higher temperature, nntH a similar 
precipitate appears. This precipitate is filteied off, and the above process 
rifpeated, until the liquid is free ofproteid. 

The arrangements shown tn fig. i may be used, but the rise of temj>erature 
takes place rather too slowlv, and it is diflicult to maintain the temperature 
constant for a considerable len^h of time when one is investigating a large 
number of fluids. The following ajiparatus used by Halliburton (fig. 2) is 
more convenient. "A glass flask Rujiported on a stand ; down its neck is 
placed a lest-tube, in which again is placed the liquid under investigation in 
sufficient quantity to cover the bulb of a thermometer placed in it. The flask 
is kept filled with hot water, and this water is constantly flowing." It 
enters by (a), passing to the bottom of the flask, and leaven at (ij. The 
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water is heated by passing through a coil of tubing contained in a copper 
vessel, not unlike Fletcher's hot-water apparatus. The fluid to be tested 
must be well stirred by the thermometer during the progress of the experi- 
ment. 

In carrying out the experiment the following precautions are necessary, 
viz., to keep the fluid under investigation as nearly as possible always of the 
same reaction, as one of the important conditions influencing the temperature 
of coagulation of a liquid is the amount of free acid present. 

Use 2 per cent, acetic acid, and place it in a burette. It is dropped into 
the fluid from the burette. The proportion is about one drop ot this dilute acid 
— after neutrality is reached— to 3 cc. of liquid. The acidity of the liquid is 
tested by sensitive litmus papers. The liquid must be kept at a given 
temperature for at least five minutes, to ensure complete precipitation of the 
proteid at that temperature. 

On heating certain solutions containing certain proteids, as the tempera- 
ture of the fluid is raised, a faint opalescence appears first, and then, at a 
higher temperature, masses or flocculi separate out, usually somewhat 
suddenly, from the fluid. 

The temperature at which coagulation of what is apparently one and the 
same proteid occurs varies with a large number of conditions. Not only have 
different proteids different coagulating points, which, however, can hardly in 
the light of recent researches be called ** specific coagulation temperatures," 
but the coagulating temperature of any one proteid varies with the rapidity 
with which coagulation takes place ; the proteid coagulates at a higher 
temperature when the fluid is heated quickly than if it be heated slowly. 
It also varies with the amount of dilution, the coagulating point being raised 
by dilution. The eHects of salts and acids in altering the coagulation point 
are well known. 

14. Eemoval of Proteids. — The following, amongst other methods, 
are used for removing proteids from liquids containing them. In 
this way other substances present may be more easily detected. 

Wenz^s Method, — Saturate with (NH4)2 SO4. This precipitates all proteids 
except peptones. 

By Boiling. — Acidulate faintly with acetic acid and boil. This removes 
globulins and albumins. 

Brackets Method, — Acidulate with HCl, and then add potassio-mercuric 
iodide (see ** Liver "). 

By Alcohol. — Acidify feebly with acetic acid, add several volumes of 
absolute alcohol. After 24 hours all proteid is precipitated. 

Oirgensohii's Method. — Mix the solution with half its volume of a saturated 
solution of sodium chloride, and add tannic acid in slight excess. This pre* 
cipitates all proteids. 

There are other methods in use. 
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LESSON II. 

THE ALBUMENOIDS. 

The group of albumenoids includes a number of bodies which 
in their general characters and elementary composition resemble 
proteids, but differ from them in many respects. They are amor- 
phous. Somo of them contain sulphur, and otliers do not. The 
decomposition-products resemble the decomposition-products of 
proteids. 

1. I. Gelatin is obtained by the prolonged boiUng of connective 
tissues, e.(7., tendon, ligaments, bone, and from the substance 
" Collagen," of which fibrous tissue is said to consist. 

Preparation of a Solution. — Make a watery solution (5 per 
cent.) by allowing it to swell up in water, and then dissolving it 
with the aid of heat. 

(A.) (a,) It is insoluble, but swells up in about six times its 
volume of cold water. 

(b,) After a time heat the gelatin swollen up in water; it dis- 
solves. Allow it to cool ; it gelatinises. 
.) With G^eiBl Proteid Tests. 

c.) Xanthoproteic Test.— Add nitric acid and boil = a light 
yellow colour with no previous precipitate; the fluid becomes 
orange or rather lemon-coloured on adding ammonia. 

(d.) Millon's Breagent = no pinkish-red precipitate on boiling. 
This shows the absence of the tyrosin group in the gelatin molecule. 
TJiis reaction may be obtained with commercial gelatin, but not 
with pure gelatin, so that the reaction if obtained is due to 
impurities. 

(e.) It gives a blue- violet, rather than a violet colour, with NaHO 
and CUSO4. 

(f,) It is not precipitated by acetic acid and potassic ferrocyanide 
(unlike albumin). 

(g.) It is not coagulated by heat (unlike albumin). 

(A.) It is not coagulated by boiling with sodic sulphate and acetic 
acid (unlike albumin). 

(t.) It is precipitated by saturation with MgSO^ or (^114)2804. 
C.) Special Eeactions. 

f'.) It is not precipitated by acids (acetic or hydrochloric), or 
alkalies, or lead acetate. 

(k,) Add mercuric chloride = no precipitate (unlike albumose and 
peptone). 
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(Z.) Add tannic acid = copious white precipitate, insoluble in 
excess. 

. (m.) Add picric acid (saturated solution) = yellowish-white pre- 
cipitate, wliicli disappears an heating and reappears on cooling. 

(w.) It is precipitated by alcohol, and also by platinic chloride. 

2. II. Ghondrin is obtained by the prolonged boiling of cartilage, 
which largely consists of the substance " Chondrigen." 

Preparation. — Costal cartilages h-eed of their perichondrium and cut into 
small pieces are boiled for several hours in water, >vhen an o|)alescent fluid, 
which gelatinises on cooling, is formed. 

(a. ) Add acetic acid -= a white precipitate, soluble in great excess. 

(6.) Dilute mineral acids = white precipitate, readily soluble in excess. 

(c.) It is not precipitated by acetic acid and potassic ferrocyanide. 

3. in. Mucin, see "SaHva." It is also found in the ground 
substance of connective tissue and tendon. There are probably 
several mucins. On heating with dilute HgSO^ they yield a reduc- 
ing sugar, and they are regarded as glucosides, compounds of a 
proteid (globulin 1) with animal gum. 

(a, ) They make fluids viscid and slimy. 

(b.) Cut a tendon into pieces and place it for 3 days in lime-water. The 
lime-water dissolves the mucin. Add acetic acid = precipitate of mucin. 

4. IV. Elastin occurs in elastic tissue, ligamentum nuchae, and 
Hgamenta subflava, <fec. 

Pkepauation. — Boil the fresh ligamentum nuchae of an ox successively in 
alcohol, ether (to remove the fats), water (to remove the celatin), and finally 
in acids and alkalies. This substance must be previously prepared so that 
the student can test its reactions. 

(a. ) It is insoluble in water, but is soluble in strong caustic soda. 

(6.) It gives the xanthoproteic tests. 

(c, ) It is precipitated from a solution by tannic acid. 

5. V. Keratin occurs in epitJielial structures, e,ff,, surface layers 
of the epidermis, hairs, horn, hoof, and nails. It is characterised 
by the large percentage of sulphur it contains ; part of the latter 
is loosely combined. It is very insoluble and resists putrefaction 
for a long tjme. A closely-allied body, Neuro-Keratin, is found in 
nerve fibres and the central nervous system. 

(a.) Burn a paring of horn, and note the characteristic smell. 
(b,) Heat a paring of nail or horn with strong caustic soda and 
lead acetate = black or brown colouration, due to lead sulphide. 
(c) Test for the presence of sulphur. (Lesson L 2.) 
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LESSON UL 

THE CARBOHYDRATES. 

Thb tenn Carbohydrate, first used by C. Schmidt, is applied to a 
large and important group of substances, which occur especially in 
plants, and some of which, such as starch and sugar, make up a 
large part of their organs ; while cellulose, another member of the 
group, forms the chief material from which many parts of plants 
are constructed. Carbohydrates also occur, but to a much smaller 
extent, in animals, in which they are chiefly represented by 
glycogen and some forms of sugar. 

In elementary composition they are non-nitrogenous, and consist 
of C, H, and 0, with the H and in the same proportion as in 
water, i.e., 2 atoms of H to i atom of 0. As tliis proportion 
obtains in many other substances which certainly do not belong 
to the carbohydrate group, e.g., acetic acid (CgH^Og), lactic acid 
(C^HgOg), the definition must be somewhat extended. The group 
is understood to include those substances that do not contain less 
than 6 atoms of carbon, although many carbohydrates contain 
multiples of this. To every 6 atoms of C there are at least 5 
atoms of 0, so that on the one hand acetic acid is excluded, and 
pyrogallic acid (CgHgOg) on the other. 

They have certain general characters. They are indifferent 
bodies, with a neutral reaction, which form only loose combina- 
tions with other bodies, specially with bases. Other general 
characters they possess directly, e.g., dextrose, or they can be 
readily converted into bodies which have the following features in 
common. One or other charact-er may fail, but, as a group, they 
have the following : — 

(a.) The property of reducing alkaline 'metallic solutions, and of 
being coloured yellow by alkalies. 

{h.) They rotate the plaue of polarised light. 

(c.) In contact with yeast they split up into alcohol and carbon 
dioxide, i.e., undergo fermentation, (Some do not undergo fer- 
mentation.) 

(d^) On heating with HCl or HgSO^ they are decomposed with 
the formation of Idvulinic acid, humin substance, and formic acid. 

(e.) They give a deposit of yellow needles with phenyl-hydrazin. 

(/.) Various colour reactions with acids and aromatic alcohols. 

{g,) Some, e,g., cellulose and starch, are quite insoluble in water, 
while others are very soluble. Those which are very insoluble in 
water can usually be rendered soluble by heating them with an 
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acid. This is a process of hydrolysis. They are less soluble in 
alcohol the more concentrated it is. In absolute alcohol (and 
ether) almost all the carbohydrates are soluble with difficulty, or 
insoluble. 

{h ) When strongly heated they are decomposed, charred, and 
yield a variety of products. Inosite, which, however, is not a true 
carbohydrate, alone undergoes partial sublimation (Tollens), 

GlasEdfication of some Carbohydrates : — 



I. Glucoses or 

Monosaccharids, 

CgHjaOe. 


n. Saccharoses or 
Disaccharids, 


ill. AmyloBeBor 
Polysaccharids, 

n(C6Hio05). 


-f Dextrose. 
- Tiflftvulose. 
+ Galactose 
Iuosite(?). 


+ Cane-sugar. 
+ Lactose. 
H- Maltose. 


+ Starch. 
-f Dextrin. 
+ Glycogen. 

Cellulose. 

Gums. 



The + and - signs indicate that, as regards polarised light, the substances 

are dextro- and laevorotatory respectively. 

The •amy loses are anhydrides of the glucoses [^(CgHigOg) - 
iiWjd = (CjjHjQOg)^], while the saccharoses are condensed glucoses 
(C^jHigOg ■¥ CgHjgOg - HgO = CigHggOji)]. The saccharoses are 
converted into glucoses on boiling with dilute sulphuric acid. 



^ICeHi.O 



» + HoO = 2C«H,oO 



5jj.l2V^6* 



Emil Fischer has shown that the monosaccharids are aldehydes 
or ketones of a hexatomic alcohol, C^Hg (OH)g. Just as aldehyde 
CoH^O is formed by oxidising ethylie alcohol CgHgO, so from 
mannitic alcohol the simplest carbohydrate C^H^gOp is formed. 
When two molecules of such monosaccharids polymerise with tlie 
loss of water, they form the disaccharids, which may spHt up 
again and yield monosaccharids. When there is further poly- 
merisation with loss of water we get bodies with molecules of 
larger size — the simpler members being dextrins, the more complex 
starch and glycogen, forming the group of polysaccharids. These in 
turn may break down and yield monosaccharid or disaccharid 
molecules. Thus the transformation undergone by carbohydrates 
in the organism, their conversion from one form to another, are 
rendered more easy of comprehension. 
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1. L Starch (CgHj^Oj),.— The m in this case ie not less than 4, 
and may be 10 or 20; indeed, Brown and Heron suggest the for- 
mula ioo{C(2H2gOi(). Btareh is one of the most widely distri- 
buted substances in plants, and it may occur in all the organs of 
plants, either (a.) as a direct or indirect product of the assimila- 
tion of COj in the leaves of the plant, or (b.) as reserve material 
in the roots, seeds, or sboots for the later periods of generation 
or v^etation. 

Freparatioii. — Wash a potato tharuughly, and ffrate it on a grater into 
water in a tell cylijidrical glass. Allow the suspended particles to subside, 
and alter a time rote the deposit ; the lowest stratum consists of a whit« 
powder or atarch, and above it lie coarser fragmantB of cellulose and otber 
matters. Decant off the supernatant fluid which becomes brown on 
itaading. 

(a.) ICicroscopical Examin&tioa— Examine tlie white deposit 
of starch, noting that each starch -granule shows an eccentric lulum 




Flo. 3.— Potato Starch. 



with concentric markiugs (fig. 3). Add a very dilute solution of 
iodine. Each granule becomes blue, while tjie coiioentrie n 
become mote distinct. 



(ft.) Com|«re the microscopical characters of other varieties of starch — e.g., 
rice, arrowroot, &c. Each granule consists of an outer layer of cellulose en- 
closing alternating layers of gi'anulose and celluloae, so that they present a 
laminated apj>earance. There are very great varieties in the shape and size 
of starch gi'atns. 

(c.) Squeeze some dry starch powder between the thumb and forefinger, and 
note the peculiar crepitation sound and feeling. 

Id.) PolariBcope. —Examine starch granules with a jwlarlsation ini<:rascoi>e. 
With crossed Nieol's, when the field is dark, each granule shows a dark cross 
on a white refractive ground. Tbey are doubly retractive. If a plate of mica 
be placed on the stage of the microscO]ie under the starch grains, the Utter, 
with polarised light, exhibit interference colours (fig. 4}. 

2. Prepare a Solution.— Place i gram of starch in a mortar, 
rub it up with a little eold water, and then add 50 cc. of boiling 
water. Boil until an opalescent imperfect solution is obtained. 
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(a.) Add powdered dry starch to cold water. It is insoluble. 
Filter, and test the filtrate with iodine. It gives no blue colour. 

(^.) Boil starch with water = opalescent solution, which if strong 
gelatinises or sets on cooling = starch paste. 

(f.) Add a solution of iodine^ = a blue colour, which disappears 
on heating (the iodiie of starch is dissociated by 
heat) and reappears on cooling — provided it has not 
been boiled too long. Direct a stream of cold water 
upon the test-tube to cool it. 

(d,) Render some of the starch solution alkaline 
by adding caustic soda solution. Add iodine solu- 
tion. No blue colour is obtained, 
jg^ \^HH) (e.) Acidify ('/.) with dilute sulphuric acid, then 
^^ add iodine = blue colour is obtained. 

Fio. 4. — Potato (/.) To another portion of the solution add a 
uieT** View*rn ^®^ drops of dilute cupric sulphate and caustic soda, 
polarised light and boil = no reaction (compare " Grape-sugar "). 
Nicoi'g,xy^ (.7.) To another portion of the solution add 

FehLijig's solution, and boil = no reaction. 
(h,) Add tannic acid = yellowish precipitate, which dissolves on 
heating. 

3. Starch is a Colloid. — Place some strong starch solution in a 
dialyser or parchment tube, and the latter in distilled water. 
Allow it to stand for some time, and test the water for starch; 
none will be found. 

(a.) Does not filter. — Two dry filter papers are placed in two funnels about 
5 cm. in diameter and filled with 2 per cent, solution of starch. Let one re- 
main as a control, and to the other add any diastatic ferment — eg., saliva 
or liquor {)ancreaticus. The starch begins to filter, being converted into sugar. 

4. II. Dextrin (British Gum) (CgHj^jOg) is an intermediate pro- 
duct in the hydration of starch. There are two varieties — Erythro- 
dextrln, which gives a red colour with iodine ; and Ach- 
roodextrin, which gives no colour with iodine solution (see 
« Saliva "). 

Examine its naked eye characters. It is gummy and amor- 
phous. Smell it. Dissolve some dextrin in boiling water, and 
observe that the solution is not opalescent. 

(a.) This proves its solubility in water. 

(h.) Add iodine solution = reddish-brown colour, which disap- 
pears on heating and returns on cooling. [The student ought to 
use two test-tubes, placing the dextrin solution in one, and an equal 

1 Solution of Iodine.— Dissolve 2 grams of potassic iodide in 100 co. of 
water, add i gram of iodine, and shake welL 
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volume of water in the other. Add to both an equal volume of 
solution of iodine, and thus compare the difference in colour.] 

(c.) Precipitate some of its solution by adding alcohol. 

(d,) Render some of the dextrin solution alkaline by adding 
caustic soda solution. No red-brown colour is obtained with 
iodine. Acidify and the reddish-brown colour appears. 

(e.) It is not precipitated by basic acetate of lead alone (unlike 
glycogen). 

(/.) Precipitation occurs on adding ammonia and basic acetate of 
lead. The ammonia gives a wliite precipitate with lead acetate 
which carries down dextrin. 

There are several varieties of dextrin : — 

5. Prepare Dextrin from Starch. — Make 10 grams of starch into a paste 
with 20 cc. of water, add 30 cc. of a 20 per cent, solution of sulphuric acid. 
Mix, and heat in a water-bath at 90° C. Cool and precipitate the dextrin by 
alcohol. Collect the white deposit, wash with alcohol, and dry it. 

6. III. Cellulose (CjjHioOs)^ occurs in every tissue of the higher plants, 
where it forms the walls of cells, and the great mass of the hard parts of 
wood. Cotton-wool may be used to test its reactions. 

(a.) It is insoluble in water and all the feebler solvents. 

{b. ) It is soluble in Schweitzer's reagent, or a solution of ammonio-cupric 
oxide. This is prepared by dissolving slips of copper in ammonia in an open 
flask, or by dissolving precipitated hydrated oxide of copper in 20 per cent, 
ammonia. The former is pre])ared by precipitating a solution of sulphate of 
copper by soda in the presence of ammonium chloride. 

(c.) It is soluble in concentrated acids, and a gelatinous precipitate — called 
amyloid — falls on the addition of water. The substance precipitated gives 
a blue colour with iodine. It is also soluble in zinc chloride. 

{d. ) It gives a blue colour with sulphuric acid and iodine, but not with the 
latter alone. 

7 IV. Glycogen or Animal Starch ^(CeHioOs). — Prepare a 
solution (see "Liver"). Note the characters of the dry white 
powder. 

(a.) Note that the solution is opalescent (unHke dextrin); add 
iodine solution = red-brown or port- wine red colour. As in the 
dextrin test, use two test-tubes, one with water and the other 
with glycogen, to compare the difference in colour. The colour 
disappears on heating and reappears on cooUng. It also dis- 
appears on the addition of alkalies, which break up the feeble 
compound. 

(b.) Add caustic soda and copper sulphate solution = a blue 
solution, boil = no reduction. 

(c.) Add basic lead acetate = a precipitate (unlike dextrin). 

(d.) Add ammonia and basic lead acetate = a precipitate, as in 1 /. 

(^.) Boil with dihite hydrochloric acid = a reducing sugar. 
NeutraHse the acid with dilute caustic soda, and test with Fehling'a 
«olution for a reducing sugar, dextrose — a yellow precipitate. 
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(/.) The solution is precipitated by alcohol (2 parts absolute 
alcohol to I part of the solution). 

{g. ) Heated with potash or acetic acid the opalescence diminishes, and the 
solution becomes clear. 

{h.) Its solutions (even .6 per cent.) are powerfully dextro-rotatory 
{a)D^2ii''{KUlz). 

8. V. Glucose, Dextrose, or Grape-Sugax (CgHigOg).— In com- 
merce it occurs in warty uncrystallised masses of a yellowish or 
yellowish-brown colour. It exists in fruits, and in small quantities 
in the blood and other fluids and organs. It is the form of sugar 
found in diabetic urine. It is readily soluble in water. Prepare a 
solution by dissolving a small quantity in water. 

(a.) Taste the glucose, and note 
^y^ J that it is not so sweet as cane- 

L-x^^ sugar. 

^ (h.) Add iodine solution = no 

reaction. 

(r.) Heat the solution with sul- 
phuric acid = darkens slowly. 

(d.) Dissolve some in boiling 
absolute alcohol. It crystaUises in 
transparent prisms when the alco- 

As to the tests, they have been classified as follows : — 
(A.) Yellow Colouration with Caustic Soda or Potash. 

{e.) Moore's Test, — Heat the solution with half its volume of caustic soda — 
a yellow or brown colour due to the formation of glucic and melassic acids. 
The non-appearance of a yellow colour indicates the absence of dextrose, but 
the following substances also give a yellow colour with NaHO : — All the 
glucoses, together with milk-sugar and lactose. 

(B.) Tests Depending on Eeduction. 

(/.) Trommer's Test. — To the solution add a few drops of a 
dilute solution of copper sulphate (10 per cent.), and afterwards 
add caustic soda (or potash) in excess, i e., until the precipitate first 
formed is re-dissolved, and a clear blue fluid is obtained. The 
hydrated oxide of copper precipitated from the copper sulphate is 
held in solution in presence of dextrose (and of all the glucoses). 
Heat slowly, turning the tube in the flame. A little below the 
boiUng point, if grape-sugar be present the blue colour disappears, 
and a yellow (cuprous hydrate) or red (cuprous oxide) precipitate is 
obtained. Boil the upper surface of the fluid, and when the yellow 
precipitate occurs it contrasts sharply with the deep blue-coloured 
stratum below. The precipitate is first yellow, then yellowish-red. 
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and finally red. It is better seen in lefleoted tliaii transmitted 
light. If no sugar be present, only a black colour may be 
obtained. 

(jj.) Add Febiing's solution; boil = 8 yeUow or yellowiah-red 
precipitate of cuprous oxide or hydrate. [For the method of 
making Fehling'a solution, the precautions to be observed in using 
it, and for some other tests for glucose, see " Urine."] 

(A.) Barfoed's Solution. —To zoo cc. of a solution of neutral acetate of 
copper, containing I psrt of the salt to 15 of water, add 5 cc of a 3S per c«Dt. 
solution of acetic acid. When heated with dextrose some red cuprous oxide 
is pi-eci pita ted, vhile lactose, cane-sugar, maltose, and dextrin, when tliej 
are boiled with it for a short time, give no reaction. Hence thia substance 
has been used to distinguish dextrose from maltose. 

(i.) Bottger^ Bismath Teat — Heat the fluid with caustic soda and a small 
quantity of dry basic bismuth nitrate - a grey or black reduction jiroduct of 
bismuth oxide. For Njlander'a modification, see " Urine." In all reactions 
depending on reduction, one must recollect that some aubstances which are 
by no means related to the glucoses — e.g., uric acid, kreatinia, phenyl- 
hydrazioe— may cause reduction, and thus lead one into error. 

(C.) other Beactioiu. 

(j.) Phenyl-HydraziDe Test, — Two parts of phenyl-hydrazine 
hydrochloride and three of acetate of soda are mixed in a test-tube 
with 6-ro cc of the dextrose 
solution. Boil for 20-30 
minutes, and then place the 
tube in cold water. If sugar 
be present, a yellow crystaUine 
deposit is formed, wliicli, 
microscopically, consists of 
yellow needles either detached 
OT arranged in rosettes (tig. 
6). The substance formed is 
phenyl-glucosazone 
(CjsHjjN^OJ, with a melting- 
point of 204° C. 

The arrangement of the 
acicular crystals I find fre- 
quently varies. Sometimes 
they are in rosettes (se 

feathery. Tliey are soluble in alcohol, and may be recrystallised 
from it. 

This is an extremely important and reliable reaction. The best 
proportions for the ingredients are i part dextrose, 2 hydrochloride 
of phenyl-hydrazine, 3 sodic acetate, and 20 water. The substance 




(If Pheiijl-Oliici 

" Urine "), and at other times 1 
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formed is but slightly soluble in water. According to E, Fischer, 
the following is the reaction which takes place : — 

CgHi^O, + 2C ^^2^3 = CigH^oNA + 2H2O 4- 2H. 

Phenyl-glucosazone. 

(A-.) Molisch's Test.— (i.) To the solution add a drop or two of a 15-20 per 
cent, alcoholic solution of a-naphthol, and 1-2 vols, of concentrated sulphuric 
acid. The colour which first appears is violet ; water causes a bluish-violet 
deposit, (ii.) If, instead of the naphthol, an alcoholic solution of thymol be 
used, a red colour is obtained. Seegen, however, points out that this re- 
action can be obtained with other substances, e.gr., albumin, which, however, 
is denied by Molisch. It is not a reliable test. 



9. Conversion of Starch into Glucose. — Boil starch solution 
with a few drops of 20 per cent, sulphuric acid, until the fluid 
becomes clear. After neutralising with sodium carbonate, test tho 
fluid for glucose by the tests (6.) or (c). 

A large number of intermediate products, however, are formed. 
They are as follows (see also ** Sahva ") : — 

Soluble starch (amidulin or amylodextrin) * ! } ^^'^^ ^^*^^ \o^\ti^. 

o I Erythrodextrin .... Iodine gives violet and red. 
Dextrin Achroodextrin No reaction with iodine. 

-, ,^ ( Fehling's solution reduced. 

M*l*^8« i Barfoed's not. 

Dextrose Both are reduced. 

Estimation of Glucose (see " Urine "). . 

10. VI. Maltose (S^^^if^i^- — It forms a fine white warty 
mass of needles, and is the chief sugar formed by the action of 
diastatic ferments on starch. See "Sahva," and "Pancreatic 
Juice." 

(a.) Mix I gram of ground malt with ten times its volume of 
water, and keep it at 60" C. for half an hour. Boil and filter ; the 
filtrate contains maltose and dextrin. 

(/>.) Test for a reducing sugar with Fehhng's solution or other 
suitable test. (See also " SaHvary digestion.") 

(c.) Boiled for \\ hours with the phenyl-hydrazine test it yields 
phenyl-tnaltosazone (02^1132X40^). It crystallises in yellow 
needles (fig. 8). 

(^.) It is soluble in water and alcohol Examine its crystals 
(fig. 7). Its specific rotatory power is +150°, i.e., it is greater 
than that of dextrose, but its reducing power (on Fehhng's solution) 
is only two-thirds of that of dextrose. 

(e.) With Barfoed's reagent, t.«., when boiled with half its volume of copper 
acetate, acidulated with acetic acid =■ no reduction. In this respect, and in 
some othets, it dififers from dextrose. 
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</.) Preparation of Mtlllaee. — Take I part of potat«-starch and make it 
into a pa9te vith lo of water. Digest the paste with a Gitered extract of 
low-dried malt (zoo grams to i litre of water) for an hoar at S7-6o° C., filter, 
evaporate, precipitate the dextrin with alcohol, concentrate the filtrate to a 
ijrup, and allow the maltose to crystallise. 

11. Estinuition of Maltose.— (i.) Betennine its reducing power 
on lo ce of Febling's solution (see "Urine"). 

(ii.) Convert it into dextrose by boiling (J an liour) 50 ec. of tlie 
Bolution with i cc. of HjSO^. Cool and bring the solution to the 
origiual volume (50 cc.) by adding water. Again determine its 
reducing power by Fehling'a solutiou. If « = cc, of maltose 
solution necessary to reduce 10 cc. of Febling's solution, then as 




.— CrfataliDtPliBiiTl-UiiltoiuDne, x 

the respective reducing powers of glucose and maltose are as 3 : 3 
— = cc, of dextrose solution necessary for the same purpose. As 
10 cc. of Febling correspond to o 05 grms. dextrose, tbe strength 
of the maltose solution can easily be calculated. 

12. vn. Lactose (Milk-Sugar), C,^HjaO,i + H^O (see " Milk "). 

(a.) Kote its wluteness and bardness. It is not so sweet as 
cane-sugar. Microscopically it occurs in rliombic prisms (fig. 9). 

{fi.) It is less soluble in water than cane- or grape-sugar, and 
insoluble in alcohol. 

(r.) Heat its solution carefully with sulphuric acid = chars 
slowly. 

(d.) Add excess of caustic soda, and a few drops of copper 
sulphate solution, and heat '- yellow or red precipitate (like 
dextrose). 

(e.) Test with Feliling's solution = reduction like dextrose, hut its 
reducing power is not so great as dextrose. It requires 10 parts of 
lactose to reduce the amount of Febling's solution, that will be re- 
duced by 7 of dextrose. 



PRACTICAL PHYSIOLOGY. [nt. 



(/■.) It ia precipitated from its saturated watery solution by 
absolute alcohol. 




(if.) The phenyl-hydj 



— C^itile of Phanjl-IBctoHiane.XiH 

(fig. lo), it yields phenyl-lactosa 



- 13. Prepatation of Laotoee (C,sH„0|, + H,0).— Acidulate milt with acetii 
acid -precipitate ofcaseinogen and Tat ; liltar; boil liltral* to precipitate albumin, 
and filter again ; evaporate the filtrate to Bmall bulk ; iet aside to crjstalliu. 
Milk-Bugar is soluble iu 6 parts of cold and 2^ parts of hot water, but not ia 
alcohol. 

14. Vin. Cane-Sugar (CijH^aOi,). 

(a.) Observe its crystalline form 
(fig. ii) and sweet taste. 

(h.) Its solutions do not reduce 
Fehling'a solution {many of the 
^^^^ commercial sugars, however, con- 

K y ^v tain sufficient reducing sugar to do 

1 I I 1 I\ 1^ '*''^)- 

\f 1 / A. :/ / (.-,) Trommer's test: add excess 

* — /''/ — '-V of caustic soda, and a drop of solu- 
tion of copper sulphate (it gives a 
clear blue fluid), and Iteat. With 
a pure sdgar there should be no reduction. 

(rf.) Pour strong sulphuric acid on cane-sugar in a beaker, add 
a few drops of water ; the whole mass ia quickly charred, 
(e.) Heat the solution with caustic soda = it darkens slowly. 
(/.) It is practically insoluble in absolute alcohol, but its solu- 
bility greatly increases with the dilution of the alcohol. 

(g.) Inversion of Cane-Sugar. — Boil a strong solution of cane- 
sngar in a flask with one-tenth of its volume of strong hydro- 
chloric acid. After prolonged boiling the cane-sugar is "inverted," 




.—CrysUls Dt Cane-iu^ 
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and the solution contains a mixture of dextrose and Isevulose. 
Test its reducing power with Fehling's solution. 

Cani'-Sugar. Water. Glucose. Laevulosa 

^12^22^11 + ^2^ = ^(5^12^0 + ^d^li^tf- 

(h,) Estimation of Gane-Sugar. — Take lo cc. of the cane-sugar 
solution, add i cc. of a 25 ])er cent, solution of If.^SO^. Boil for 
half an hwu', and then make up bulk of fluid to its original 
volume. The cane-sugar is converted into a reducing sugar, 
dextrose. Place the fluid in a burette, and estimate its reducing 
power on Felding's solution (see "Urine.") 95 parts of glucose 
correspond to 100 parts of cane-sugar. 

16. Invert Sugar — a mixture of gra])e-sugar and fruit-sugar - is widely 
distributed throughout the vegetable kingdom, and is so called because it 
rotates the plane of polarised light to the left, the specific rotatory jwwer of 
the laevulose being greater than that of dextrose at orainary temperatures. 

16. Conversion of Starch into a Reducing Sugar. — Place 50 
cc. of starch solution in a flask on wire gauze over a Bunsen burner, 
add one drop of strong sulphuric acid, and boil from five to. ten 
minutes, observing the spluttering that occurs, the liquid meantime 
becoming clear and Umpid. 

(a.) Test a portion of the liquid for glucose, taking care that 
sufficient alkali is added to neutralise the surplus acid. 

(/).) Add iodine = blue colour, showing that some soluble starch 
(amidulin) remains unconverted into a reducing sugar. 



ADDITIONAL EXEKCISES. 
Polarimeters. 

17. CircumpolariBat' on.— Certain substances when dissolved possess the 
|)Ower of rotating the plane of polarised light, e.g., the proteids, sugars, &c. 
The extent of the rotation depends on the amount of the active substance 
in solution. The direction of rotation — i.e., to the right or the left -is 
constant for each active substance. Of course, light of the same wave- 
length must be used. The light obtained from the volatilisation of common 
salt is used. 

The tertn "specific rotatory power," or "specific rotation" of a substance, 
is used to indicate the amount of rotation expressed in degrees of the plane of 
polarised light which is j^roduced by i gram of the substance dissolved in 
I 00. of liquid, when examined in a layer i decimetre thick. 

Those substances which cause specific rotation are spoken of as '* optically 
active;** those which do not, as ^Hfiactive" 
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no air-bubblea get in. Slip on the glass disc horizontallf, and screw the 
brass oap on the tube, taking care not to do ao too tightly. Place the tube 
in the instriimpnt, so th&t it lies in the course it the mya of polarised tight. 

(6,) Place some common aalt[or fuaed coannoii salt and so.ia carbonate) in 
the platinum apoon (A), and light tba Bunsen's lamp, so that the aoda is 
rolatilised. IF a platinum spDon is not available, tie aaveral platinum wires 
togetber, dip them into alightlj moistened oommon salt, and lix them in 
a suitable holder, so that the salt is TolatiliaeJ in the outer part of the flame. 
In the newer iorm of the inatrnmenC BuppIJed hy Laurent, there are two 
BunBon-burners, placed the one behind the other, which give very much 
more light. Every part of the apparatus must be acru|inlau9ly olean. 




lero of the i 

looking through the eye-piece (0). a,.- „ — ^ 

the 6eld vertically into two halves, the two halves of the field should havt 
the same intensity when the scale reads zero. If this is not the oaae, then 
adjust the prisms until it is so. by means of the milled head jjleced for that 
' pnniose behind the index dial and above the telescojK tube. It is well tu 
work with the field not too brightly illuminated. 

((t) Remove the water-tabe, and substitute for it a similar tube containing 
the solutiou of the substanoe to be eionnined— in thia-ease a jirrfeetly dair 
aoliUioH of tiura dairtrose. Place the tube in jmsition. and proceed as hetbre. 
The two halves of the field are now of unequal intensity. Rutata the eye- 
piece until eqnalitj ia obtained. 

[',) Repeat the process several times, and t»ka the moan of the I'eadings. 
The difference between this reading and the first at (e.), wbfn the tube 
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Ibleone 



wu filled with diatilled water — 
dertroBO — a. 

(./l) Place lo oc. of the soIatli>n of dextrose in a weighed capsule, evsporate 
to dryuesB over a, water-bath, let the oajuale ojol in a desiccator, snd weigh 
again. The inei'eass in weight gives tlje amount of dextrose in loac. ; so that 

(g, ) Calculate the specific rotatory power by the above formula. It ia about 

For practice, begin with BBolutionordextrosecontainiug il grams |ier la 
of water. Makeeeveralreadinga of the amount of rotation, and take the id 
BiamplB. -In this case, the UiBan of the TeaiJinga was 1 1.6°. 

Re]>eat the process witli a 4 and 2 per cent. EMlution. It in nM 
able to read to two niiliutea, but aonsiderable practice ia rei^uired t 
to detect when the two lialves of ths field have aiactly the same iutenRity. 

Teat the rotatoir power of corresjtonding solutions of cane-sugar, and any 
other sugar you pmase. 

Teat aTao the rotatory power of a proteid solution. 

The following indicate the S.B. for yellow light i - 

Proteids.— Egg-albumin - 35.5° ; aerum-albnmin - 56° ; syntouin 
— 72°; alkiili-alljuniiik prepared from serum-alburain - 86°, when 
prepared from egg-aibiimin - 47°. 

Caxbohydrates. — Gluco8e + 56°; Dialtoae + iso"; lactose + sa.g*. 

sometimes ariaes in connection with carbohydrates, 
much altered by the temperature ; thus the S.R. of 
liETulose, when heated from 20-90° C, talla in the pro- 
portion of 3 : 2. It is best, therefore, to work at a 
constant tamporatara, say 20° C. Again, some aolutiona 
hare not the same 8.E. when they are first dU.'^olved 
that they have t-wenty-fanr hours afterwards. ThiH is 




Wild'8 Fobtri trobometer. — Between the 
polariser (which can be rotated) and analyser 
of tjiis instniment is placed a Savart's polari- 
scope, which produces in the field a number of 
parallel dark ijiterference-hnes. 



A framework H, which c 



L lath 

k are' 

■ wit!] 



moved on ■ bruB> 

The 

>, traverses a Niaol'a 

prism which is fixed to and moves with the graduated 

mden K. The |^olarised rays then traverse the fluid 

contained in a tube placed in L, and resoh the fixed 

ocular parts containing the so-called polariscope. The 

latter is composed oftwo prisms, which give rise to the interference-lines, whkji 

are viewed by means of a lens of short focus. Between Mand Nis a diaphragm 

with X-shaped cross lines. Beyond M, which is designed to protect the eye 



I 




IV.] THE CARBOHYDRATES. 29 

of the observer from extraneous light, is the other Nicol's prism. The 
polariser can be rotated by means of C. In order to read oft* the scale, there 
IS a telescope B. In S is a sm^ mirror which reflects the flame of a 
movable source of light upon the nonius. Usually the instrument is made 
for a column of fluid 220 mm. long. 

(i.) Light the movable gas-flame opposite Q. Estimate the zero-point of 
the instniment by placing an empty tube in the instrument, and focus until 
the lines of the cross are sharply seen. Rotate the polariser by means of C 
until the illuminated field is seen to be traversed by dark interference-lines 
(fig. 14, a). On rotating still further, the lines become paler, until ultimately 
a dear space without lines occupies the field. Try to get this in the middle 
of the field as in fig. 14, b. 

(2.) Replace the empty tube with the fluid to be investigated, when the 
interference-lines reappear. Suppose the substance is dextro-rotatory, then 
rotate the Nicol to the left until the lines disappear ; but from the arrange- 
ment of the apparatus, the milled-head C is moved in the same direction as 
the direction of rotation of the substance. It is well to make readings in all 
four quadrants of the instrument. It is best to use the instrument in a dark 
room. 



LESSON IV. 

PATS— BONE— EXERCISES ON THE FOREaOING. 

NEUTKAL FATS. 

The neutral fats of the adipose tissue of the body generally con- 
sist of a mixture of the neutral fats stearin, palmitin, and olein, 
the former two being solid at ordinary temperatures, while olein 
is fluid, and keeps the other two in solution at the temperature 
of the body. 

Neutral fats are derivatives of the triatomic alcohol glycerin, 

and are glycerides or compound ethers of palmitin, stearin, and 
olein, in wliicli three of the hydrogen atoms of the glycerin are 
replaced by as many equivalents of the acid radical. 

I. Eeactions. 

{a,) They are lighter than water; sp. gr. .91-94. 

(h,) Use almond or olive oil or lard, and observe that fat is 
soluMe in ether, chloroform, and hot alcohol, but insoluble in 
water. 

Ic"^ Dissolve a little fat in 3 cc. ether. Let a drop of the 
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ethereal solution fall on paper, r.fi., a cigarette paper * 
stain on the paper, which does not disappear with strong heat, 

('/.) To olive oil or suet add caustic potash, and boiL Stearin 
present in the suet and is glyceriii-stearate, while olein in oliv^l 
oil is glycerio-oleate. When stearin is boiled with a canstie 
alkali, f.'j., potash, a potasaie stearate or soap is lo-med, and 
glycerin is set free. This is the process of Baponlficatioii. 

Tri-8tearin. Potash. Potassic Stearate (Soaji). Glyoerin. 

3C„H„0 (0 ^. K(o _ 0„H„Olo .C.H.Iq 
C, Hsf"" * 3h|" - 3 K|">+ H,j"> 

(', ) Heat lard and i^iuatic soda solutiou in s capsule to rorm a aoap; deoom- 
poae the latter by heating it with dilute suliihuiie aci ' 
liberated fatty acids floating on the top. 

[/'.) Proceed as in [■!.), and add to the soap solution cryatala of lodinBil 
chloride until the aou]>s sejiarate. 

(j/.) Shake oil containing a fatty acid, e.g., ]3e Jongh's cod-livet 1 
oU, with a few drops of a dilute solution of sodic carbonate. The J 
whole mass becomes white = emulsion. Examine it mieroscopi- j 
calif, and compare it with milk, which is a typical emidsion. 

In an emulsion the particles of the oil are broken up into | 
innumerable finer particles, whieb remain discrete, i.e., do not run \ 
together again. 

{h.) Ijhake up oUve oi! with a solution of albumin in a test- \ 
tube = an emulsion. Examine it microscopically. 

(;.) Gad'H EmnlsioD Experiment.— Place in a watcli.glaas a solution of 
Eodic carbonate (.25 per cent.), and an the latter place a drop of rancid cuL 
The drop comes t^ rest, but aoon the ml 
I drop shown a white rim, and at the same 
1 time a white milky o|)acitv extendi 
I the sods solution. With tn< 
a the lively movement in tl 
I hood of the fat-dmplet, due to the sepata- 
Cinn of excessively minute particles 01 oil. 
The white fluid is a fine and unitonn 
emulsion (fig. 15}. This experiment 
an impori^Dt hiring on the formation of 
an emulaion in the inte.ttine 
with the pancreatic digestion 

( i. ) Banvier'a EmnMon Bxperiment. 
Runvier has shown that if a drop of lymph 
taken from the peritoneal cavity of a frog 
he mixed on a microscopical slide with a 
dr«p of olive oil, on examining with a 
mtcioscope where the two Quids come into 
lini; on before one's eyes, with the forma- 
) molecular hasis of chyle {Coinplci rmdaa. 
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(At.) Heat in a porcelain capsule for an hour or more some lard mixed with 
plumbic oxide ana a little water. The fat is split up, yielding glycerin and 
a lead-soap. 

BONE. 

2. (A.) Organic Basis of Bone. 

(a.) Decalcify Bone. — Place a small thin dry bone in dilute 
hydrochloric acid (i : 8) for a few days. Its mineral matter is 
dissolved out, and the bone, although retaining its original form, 
loses its rigidity, and becomes pliable, and so soft as to be capable 
of being cut with a knife..^ What remains is the organic matrix or 
ossein. Keep the solution obtained. 

(/>.) Wash the decalcified bone thoroughly with water, in which it is in- 
soluble ; place it in a solution of sodium carbonate and wash again. Boil it 
in water, and from it gelatin will be obtained. Neutralise with sodium 
carbonate. The solution gelatinises. Test the solution for gelatin (Lesson 
II. 1). 

{e, ) Decalcify a small portion of a dry bone with picric acid. 

(B.) Mineral Matter in Bone. 

(a.) Examine a piece of bone which has been incinerated in a 
clear fire. At first the bone becomes black from the carbon of its 
organic matter, but ultimately it becomes white. What remains 
is calcined bone, having the form of the original bone, but now it 
is quite brittle. Powder some of the white bone-ash. 

(b.) Dissolve a little of the powdered bone-ash in hydrochloric 
acid, observing that bubbles of gas (COg) are given off, indicating 
the presence of a carbonate; dilute the solution, add excess of 
ammonia = a wliite precipitate of phosphate of lime and phosphate 
of magnesia. 

(c.) Filter, and to the filtrate add ammonium oxalate = a white 
precipitate of oxalate of lime, showing that there is lime present, 
but not as a phosphate. 

('/.) To the solution of mineral matters 2 (A.) {a.) add acetate 
of soda until there is free acetic acid present, recognised by the 
smell ; then add ammonium oxalate = a copious white precipitate 
of lime salts. 

(c.) Use solution of mineral matters obtained in 2 (A.) («.) Render a part 
alkaline with NH4HO = copious precipitate, redissolve this in acetic acid, 
which dissolves all except a small fiocculent residue of phosphate of iron 
(perhaps in part derived from the blood of bone). Filter ; use a small part to 
test for phosphoric acid and the rest for calcium and magnesium (Filtrate A.). 

(i.) The undissolved fiocculent precipitate is washed and dissolved in a tew 
cc. dilute HCl. and the presence of iron oxide proved by adding ferrocyanide of 
potassium ( = blue), ana that of phosphoric acid by molybdate of ammonium 
(see '* Urine"). 
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(ii.) With the filtrate A. test for phosphoric acid by uranium acetate ^ 
yellowish-whit« precipitate of uranium phosphate (UiOj)HP04. 

(iii.) Calcium, by adding ammonium oxalate Ca2C204 + H20. Filter, and 
when the filtrate is clear and gives no longer a precipitate with ammonium 
oxalate, make it alkaline with NHjHO-- after a time crystAlline precipitate of 
ammonio - magnesium phosphate MgNH;P04 + 6H2O, showing presence of 
magnesium. 



3. EXAMINATION OF A SOLUTION FOR PROTEIDS 

AND CARBOHYDRATES. 

I. Physical Characters. 

(a.) Note colour and transparency. Glycogen solution is 
opalescent, starch and some proteid solutions less so. 

{!),) Taste. Salt solution may contain globulin. A sweet taste 
indicates a sugar. 

{e.) Smell. The beef -tea odour of albumose and peptone solution, 
and the smell of British gum are characteristic. 

{d.) Other characters. Thus a persistent froth is suggestive of 
an albuminous solution. 

II. Test for proteids by xanthoproteic and Millon^s tests. If 
present : 

1. Test reaction to litmus paper. If acid or alkaline, test for 
acid- or alkali-albumin, and if either is present, neutralise, and 
filter off precipitate. Test filtrate for proteoses and peptones as in 
4 and 5. 

2. If original solution is neutral, acidulate faintly, and boiL A 
coagulum may consist of native albumin, or globulin, or both. Filter; 
and test filtrate for proteoses and peptones as in 4 and 5. 

3. Distinguish between albumin and globulin by (a.) dropping 
solution into water, precipitate indicates globulin, {ft.) saturating 
solution with MglS04, precipitate = globulin, but may also contain 
proto- and hetero-albumose. If precipitate obtained by (A), filter 
and boil filtrate, coagulum = native-albumin. Distinguish between 
egg- and serum-albumin by ether test. 

4. Add excess of NaHO, then, drop by drop, very dilute CuSO^, 
pink colour indicates proteoses, or peptones, or both. 

5. Separate proteoses from peptones by saturating solution with 
Am^SO^. Precipitate = proteoses. Filter ; and to filtrate add large 
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excesH of syrupy solution of NaHO, then dilute CuSO^. Pink 
colour indicates peptones. 

[6. Gelatin (albuminoid), gives Xanthoproteic and Millon's re- 
actions, gives a violet colour with NaHO and CuSO^, is not coagu- 
lated by boiling, and is not precipitated by acetic acid and potas- 
sium ferrocyanide.] 

in. Test for Carbohydrates. First remove derived albumins 
by neutralising and filtering, and native albumin and globuhn by 
boiling and filtering. 

1. Acidulate if necessary and add iodine. 

(a.) Blue colour, disappearing on heating and returning on cool- 
ing, indicates starch. 

(fj,) Mahogany-broicn colour, disappearing on heating and return- 
ing on cooling, indicates glycogen or dextrin. Add basic lead 
acetate, precipitate ^if protcids are absent) = glycogen. 

2. Test for reducmg sugar by Trommer's test. If present, dis- 
tinguish glucose, maltose, and lactose, by the phenyl-hydrazine test 

(p. 21). 

3. If no starch, dextrin, glycogen or reducing sugar, examine for 
cane-sugar by inversion test. 



LESSON V. 
THE BLOOD— COAGULATION— ITS PROTEIDS. 

1. Reaction. — Constrict the base of one finger by means of a 
handkerchief. When tlie finger is congested, with a clean sewing 
needle prick the skin at the root of the nail. Touch the blood 
with a strip of dry, smooth, neutral litmus paper, highly glared to 
prevent the red corpuscles from penetrating into the test paper. 
Allow the blood to remain on it for a short time ; then wash it off 
with a stream of distilled water, wiien a blue spot upon a red or 
violet ground will be seen, indicating its alkaline reaction, due 
cliiefly to sodium phosphate (Na^HPO^) and sodium carbonate. 
/ 2. Blood is Opaque. 

{a,) Place a tliin layer of defibrinated blood on a glass slide ; try 
to read printed matter through it. This cannot be done. 
^ 3. To make Blood Transparent or Laky. — Place 10 cc. of de- 
fibrinated blood in each of three test-tubes, labelled A, B, and C. 
A is for comparison. 

(a.) To B add 5 volumes of water, and warm slightly, noting 
the change of colour by reflected and transmitted light. By re- 
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fleeted light, it is much darker, it looks almost black — but by 
transmitted light it is transparent. Test this by looking as in 2 
(a.) at printed matter. 

(6.) To C add a watery solution of taurpcholate of soda. Test 
the transparency of the mixture. In 2, the haemoglobin is still 
within the blood corpuscles. In the others — 3 {a.\ (b,) — it is 
dissolved out, and in solution. 

4. Specific Gravity of Blood, —{a, ) Make a number of solutions of sulphate 
of soda, varying in sp. gr. from i. 050-1.075, At least twenty sei>arate solu- 
tions are required, each with a definite sp. gr. Pour a small quantity of the 
solutions into small glass thimbles. A tnin glass tube is drawn out in a gas- 
flame to form a capillary tuhe, which is bent at a right angle, and closed 
above with a small caoutchouc cap. A drop of blo<^ is obtained from a 
finger, and by pressing lightly on the caoutchouc cap a quantity of the 
freshly -shed blood is drawn up into the capillary part of the tube. The tip of 
the fine capillary tube is at once immersed in one of the solutions of sodic sul- 
phate, and a drop of the blood expressed into the saline solution, and it is noted 
whether it sinks or floats. The o{)eration is repeated with other solutions until 
one is found in which the blood neither sinks nor floats. The sp. gr. of blood 
varies from 1045-1075, the average sp. gr. bein^ 1056-1059. 

(6.) Haycraft's Method.— Make a mixture of toluol (s. g. 800) and benzyl 
chloride (s. g. iioo) to obtain a fluid with a s. g. of 1070. Label this A. 
Make another with the s. g. 1025. Label this B. 

Method. — With a pij>ette place a measured quantity of A in a warm cylin- 
drical glass. Add a drop of the blood. It wul float ; now add B until the 
blood neither floats nor sinks. 

Suppose 1.5 cc. of B has been added to i cc. of A, then 

I cc. of A ( 1070) =« 1 ,070 
1.5. 1.5 cc. of B (1025)- 1,537 

2.5 cc. 2,607 

Divide this by the total volume 2.5 cc. = 1043, the s. g. of the blood. 

5. Action of a Saline Solution. 

{a.) To 2 cc. of defibrinated blood in a test-tube (D) add 5 
volumes of a 10 per cent, solution of sodium cbloride. It changes to 
a very bright, florid, brick-red colour. Compare its colour with that 
in A, B, and C. It is opaque. 

6. Bed Corpuscles.— Add to deflbrinated ox blood (or, better, dog's blood), 

20 volumes of a dilute solution of NaCl ^5-2 per cent.). The red corpuscles 
subside, and the supernatant fluid can be poured off". Wash the corpuscles 
several times in this way. They will be required for the preparation of 
haemoglobin (p. 65). 

4 7. Haemoglobin does not Dialyse. 

(a.) Place a watery solution of defibrinated blood in a dialyser 
(a bulb form or a parchment tube), and suspend it in a large 
vessel of distilled water. Test the dialyser beforehand to see 
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that there are no holes in it. If tliere are any fine poren, close 
them with a little white of egg, and coagulate it with a liot iron. 

(6.) After several hours ohserve tliat no liaMnoglobin has 
passed into the water. 

(c) Test the diffusate for chloridiw (AgXOy + HNOj). 

8. Phenomena of Coagulation. — Decapitate a nit, and allow 
the blood to flow into a small porcelain capsule. Within a few 
minutes the blood c'ong^eals, and when the vessel is tilte<l tho ])Io(h1 
no longer moves as a fluid, but as a solid. It then coagulates com- 
pletely. Allow it to stand, and after an hour or so, ]>al('-yi>llow 
coloured drops of fluid— the serum — are seen on the surface, being 

% squeezed out of the red mass, the latter being the clot, which con- 
sists of fibrin and the corpuscles. 

9. Formation of Olot and Serum. — Draw out a glass tiiUe into a fiiio 
capillary pipette at both ends, leaving a bulb in tlic middle, and surk some 
nnooaffulated blood, either from onc\s finger, or fnmi tlie lieart of a fn»g, into 

it, seal up the ends of the tube, allow the bI(N>d to coagulate, and examine 
the tube under a microscope. Observe tlie small red slirunken clot, and tlio 
Bemin squeezed out of the latter. 

10. Frog's Blood— GoaRuIation of the Plasma. - Place 5 co. of normal 

saline (0.75 per cent, salt solution) in a ti^st-tube surrounded witli ice. 
Expose the heart of a pithed frog, and o|mmi tlie ventricle, allowing the bl<MKl 
as it escapes to flow into the nonnal saline. Mix, and the corpusi^les (owing 
to their greater specific gravity) after a time subside. After tliey have 
subsided remove the su]>ernatant flui<l — the plasma mixed with normal 
saline — by means of a pi})ette. Place it in a watch-glass, and ob,servo that it 
coagulates. 

/ 11. Mammalian Blood. 

(A.) Study coagulated blood obtaincMl from the slaughtor-houso. 
Collect the blood of a sheep or ox in a jM^rfcctly dry cylindrical 
vessel, and allow it to coagulate. Set it asides for two (hiys, and 
then observe the serum and the clot. Pour off the pale, straw- 
coloured serum, and note the red clot, which has the sha])e of the 
vessel, although it is smaller than the latter. 

(B.) If the blood of a horse can bo obtained, study it, noting that the upper 
layer of the clot is |)aler in colour ; this is the buffy coat. 

12. Circumstances Influencing Coagulation. 
^ Effect of Cold. — Place a small platinum ca])sule— a brass or glass thimble 
will do quite well— on a freezing mixture of ice and salt, decapitate a frog or 
rat, and allow the blood to flow directly into the cooled vessel. At once it 
becomes solid or congeals, but it is not coagulated. As soon as the blood 
becomes solid, remove the thimble and thaw the blood by placing it on the 
palm of the hand, when the blood becomes fluid, so that it can l>e {K)ured into 
a watch-glass ; if the vessel be once more placed on the freezing mixture, the 
blood again congeals and solidifies, and on its being removed becomes fluid. 
Observe at the same time that the colour and transjiarency of the blood are 
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altered. The blood becomes darker in colour and transparent. This is the 
Icuky condition due to the discharge of the haemoglobin from the corpuscles. 
Place the vessel with the fluid blow! on the table, and it clots or forms a firm 
jelly. 

13. Salted Plasma —Influence of Neutral Salts on Coagu- 
lation. — At the slaughter-house, allow blood to run into an equal 
volume of saturated solution of sodium sulphate (or one quarter 
of its volume of a saturated solution of magnesium sulpliate) ; 
mix. The blood does not clot, but remains fluid. Place the 
vessel aside on ice, and note that tlie corpuscles subside, leaving 
a narrow clear yellowish layer on the surface — the plasma mixed 
with the saline solution, and known as salted plasma. To obtain 
sufficient plasma, the blood must be " centrifugalised " (page 43), 
to separate the corpuscles from the plasma. 

(a.) Heat undiluted salted plasma to 60° C. The fibrinogen is 
precipitated at 56° C. Filter. The filtrate will not coagulate, 
even after the addition of fibrin-ferment and CaCl2, as there is no 
fibrinogen present. 
^ (/>.) Place 15 cc. of the salted plasma in a tall, narrow, cylindrical, 
stoppered glass tube. Add crystals of sodium chloride, and shake 
the whole vigorously, when a white flocculent precipitate is thrown 
down. Allow the precipitate to subside. Decant the supernatant 
fluid. Filter through a filter moistened with a saturated solution 
of" sodic chloride, and wash the precipitate on the filter with a 
saturated solution of sodic chloride. This is the plasmine of Denis. 
"With a spatula, scrape the washed precipitate off the filter. 

Dissolve the plasmine in a small quantity of distilled water, 
and filter quickly. The filtrate, if set aside, will clot after a 
time. It is better to do the several operations rapidly to ensure 
success, but I have frequently found coagulation occur when the 
plasmine was not dissolved in water untif many hours after it was 
deposited. 

14.. Oxalate Plasma. — Oxalate of potassium prevents blood from 
coagulating when present to the extent of 0.2 per cent. Dissolve 
I gram of potassium oxalate in 10-20 cc. of iioimal saline, place 
it in a vessel capable of holding 500 cc, and allow blood to run 
in to fill tlie vessel. Mix the two fluids. The blood does not 
coagulate, but remains fluid. Ceiitrifugalise it to obtain the 
oxalate plasma, which may be siphoned off. The oxalate pre- 
cipitates — as oxalate of lime- the calcium wliich is necessary for 
coagulation. 

(a.) To oxalate plasma, add a few drops of a 2 per cent, 
calcium- chloride solution = coagulation, and more quickly at 
40** C. 
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15. Defibrinated Blood. — In a slaughter-house allow the blood 
from an animal to run into a vessel, and with a bundle of twigs 
beat or whip the blood steadily for some time. Fine white fibras 
of fibrin collect on the twigs, while tlie blood remains fluid. This 
is defibrinated blood, whicli dotis not coagulate spontaneously. 

16. Pibrin. — AVash away the colouring-matter with a stream of 
water from tlie twigs until the librin becomes quite wliite. 

(a.) Physical properties : it is a white, fibrous, elastic substance. 
Stretch some fibres to observe their (extensibility; on freeing them, 
tliey regain their shape, showing their ehisticity. 

(ft.) Place a few fibres in absolute alcohol to rob them of water. They 
become brittle and lose their elasticity. 

(c.) Place a small quantity of librin in a test-tube with som(i 
o,2 per cent, hydrochloric acid in the void. It swells up and 
becomes clear and transparent, but does not dissolve. 

(d,) Be^eat (r.), but place the test-tube in a water-bath at 60" C. ; part of 
the fibrin is dissolved, forming acid-albumin. Test for the latter (Lesson I. 7). 

(c.) Place some hydric ner^yidp. over librin in a watch-glass ; 
bubbles of oxygen are given off'. Immerse a flake in freshly- 
prepared tincture of guaiacum (5 per cent, solution of the pure resin 
in alcohol), and then in hydric peroxide, when a blue colour is 
developed, due to the ozone liberated by the fibrin striking a blue 
with the resin. If the fibrin contains much water, it is preferable 
to place it first of all for a short time in rectified spirit to remove 
the water. [Other substances give a blue colour under similar 
conditions ] 

(/.) Place some fibrin in water in a test-tube. Note that it gives the 
xanthoproteic reaction and Millon's test (Lesson I. 1). 

{q,) Prick a finger with a needle, collect a droj) of blood on a microscopic 
slide, cover, and examine under a microscope ( x 350). After a time. observ<' 
the foiTaation of threads of til)rin between the rouleaux of coloured blood- 
corpuscles. 

17. II. Blood-Serum. — By means of a pipette remove the serum 
from the coagulated blood or siphon it off (Lesson V. 8). If a 
centrifugal apparatus is available, any suspended blood-corpuscles 
can easily be separated by it. Note its straw-yellow coloiu: and 
musky odour. Its reaction allialiiie. Its sp. gr. = 1034. 

General Proteid Reactions. 

(a.) Dilute i volume of serum with 10 volumes of normal salme 
or salt solution. 

(h,) Test separate portions ])y neutraUsation and heat = coagu- 
lation ; nitric acid and the subsequent addition of ammonia ; acetic 
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acid and ferrocyanide of potassium; Millon's reagent; and the 
NaHO and CuJSO^ reaction (Lesson I. 1). Alcohol causes coagu- 
lation. 

('•.) Saturate it with ammonium sulphate. This precipitates all 
the proteids, globulin and albumin. Filter , the filtrate is proteid- 
free. 

Study its individual proteids. 

(A.) Preparation of Serum-Globulin (Paraglobulin). 

(a.) A. Schmidt's Method.— To lo cc. of serum add 200 cc. of ice-cold 
water, and pass a stream of carbon dioxide through it for some time«=a white 
precipitate of serum-globulin. This method does not precipitate it entirely. 
No precipitate is obtained unless the serum be diluted. 

(6.) Pantim'8 Method. — Dilute i cc. of serum with 15 cc. of water ; add 5 
drops of a 2 per cent, solution of acetic acid ^ a white precipitate of serum - 
globulin, or, as it was called, *' serum -casein." All the serum-globulin is not 
precipitated. 

"^ (c.) Hammarsten's Method. — Saturate serum with magnesium 
sulphate, and shake briskly for some time. An abundant precipi- 
tate of serum-globulin is obtained. . Allow the excess of the salt 
and the precipitate to settle. The undissolved crystals fall to the 
bottom, and on their surface is precipitated a dense white flocculent 
mass of serum-globulin. Filter. Wash the precipitate on the 
filter with a saturated solution of magnesium sulphate , add a Httle 
distilled water to the precipitate. It is dissolved, i.p,, it is a globulin, 
and is insoluble in excess of a neutral salt, but is dissolved by a 
weak solution of the same. The solution does not coagulate spon- 
taneously. It gives all the reactions for proteids with the special 
reactions of a globulin. 

(d.) Kauder's Method. — Add to serum half its volume of a 
saturated solution of ammonium sulphate (i.e., half saturate it) = 
precipitate of the globulin. Complete saturation precipitates the 
albumin as welL 

Only methods (c) and (d) are now used. Kauder's method enables 
one rapidly to separate the globulin and then the albumin by the 
use of one salt. 

(e.) Allow a few drops of serum to fall into a large quantity of 
water, and observe the milky precipitate due to the presence of a 
globulin = serum-globulin, Tliis is best observed by placing a dead 
black surface behind the vessel of water. We can then trace the 
" milky way " of the falling drops of serum as they traverse the 
water. 

(B.) Serum-Albumin.— From (A.), (c), filter off the precipitate, 
and test the filtrate for the usual proteid reactions. It is evident 
that the filtrate still contains a proteid, wliich is serum-albumin 
(Lesson I. 5, 2). To the filtrate add sodic sulphate, when serum- 
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albumin is precipitated. Sodic sulphate alone, however, gives no 
precipitate with pure serum. 

18. Precipitation of Serum Proteids by Other Salts. 

(a.) Precipitate blood-serum with i)ota3sic phosphate. All the proteids are 
thrown down after prolonged shaking. 

{b,) Precipitate blood-serum with magnesic siilphate and sodic sulphate, or 
the double salt sodio-magnesic sulphate. All the proteids ai'e thrown down. 

19. Coagulation Temperature of Serum-Proteids.— Saturate 
serum with MgSO^. Filter, keep the filtrate, label it B. Wash 
the precipitate, i.e., the serum-globulin with saturated solution of 
magnesium sulphate until the wasliings give no reaction for albu- 
min. This takes a long time, and had better be done previously 
by the demonstrator. Dissolve the precipitate in distilled water, 
which gives an opalescent solution. Label it A. Acidify it 
slightly with a drop of 2 per cent, acetic acid, and determine the tem- 
perature at which it coagulates by the method stated on p. 11. 
The li(|uid in the test-tube should just cover the bulb of the 
thermometer. Coagulation takes place about 75' C. 

The filtrate B contains the serum-albumin. Dilute it with an 
equal volume of water, faintly acidify and heat, as above. A pre- 
cipitate falls about 77-79** C. (B), and on filtering this oif, and 
again acidifying, another precipitate is obtained on heating to 
84-86" C. 

20. Preparation of Fibrinogen from Hydrocele Fluid, which 
does not codgulate spontaneously. 

(«.) Dilute ID cc. of hydrocele fluid with 150 to 200 cc. of water, and pass 
throuffh it for a considerable time a stream of carbon dit)xide, when there is 
preoi|ntated a small quantity of a somewhat slimy white body, fibrinogen. 
(Schmidt's method. ) 

(b,) Half saturate hydrocele fluid with sodium chloride solution 
bv adding to it an equal volume of saturated solution of sodium 
chloride. Fibrinogen is pre(;ipitated in small amount. Filter, and 
on adding MgSO^, serum-globulin is precipitated, so that hydrocele 
fluid contains both fibrinogen and serum-globulin. 

21. Coagulation Experiments. 

(a.) Andb:«w Buchanan's Experiment. — Mix 5 cc. fresh serum 
(preferably from horse's blood) with 5 cc. hydrocele fluid and 
keep the mixture at 35** C. for some hours, when coagulation occurs, 
a clear pellucid clot of fibrin being obtained. Coagulation takes 
place, and is due to the action of fibrin-ferment on fibrinogen and 
not to the presence of serum-globulin, as hydrocele fluid in addition 
to fibrinogen contains this body. 
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(6.) To 5 cc. of hydi'oiiele fluid add ; 
fertnent, and keep in a water-bath at 40° C, 
pl.ce. 

('■.) To 2 cc. of salted piaania, prepared t 
(wliich is known to clot slowly oti tlie addition of water), add i 
volumea, i.e., 20 cc. of a water.y solution of fibrin-feimint, pre- j 
pared by the demonstrator = coagulation. 

{(I.) Add to oxaiate-plaama (LaBsou Y. 14) a few drops of a 
per cent, i;alciuni ohloi'ide sohitioii. It coagulates, and more quickly ] 
at 40° C. The CaCl^ siipplies tlie cakium uecessary for the forma- I 
tion of fibrin. 

(p.) Effect of Temperature on Coagulation. — Dilute sodium'' 
sulphate pla.'inia with lo volumea of ivater, and place some in teat- < 
tubes A. B. U, D. 

A clots slowly or not at all. 

Place B in watet-hath at 40' 

C. It clots more quickly. 

To C add a small quantity 
of fibriu-fermynt (p. 40), dia- 
solved in a little calcinm 
chloride. 

To D add serum. Keep C 
and D at 40° C. They coapu- 
lated rapidly, because of the 
\ abundance of fibrin-ferment. 

22. Preparation of Fibrln-Fsr- 
nent. — It muat be kept in atouk. 
for Drying .PreolpiMto PrecJ.iitdM Iilood-senini with a large 
ihurt'oBe'dlci.aDd'ii^poit esCBBs of alcDhol, collect the copious 
(driurthedepuiEtor prealptute! precipitate, oonsiating of the pro- 

taida iind fibrin-fomient, COTer it 
with absolute aleoho], and allow it to stand at least a montll, when the pro- 
teida ara rendered insoluble. Dry tha prenipitata at 35° C, and afteiwards 
over aalphurio »cid (fig;. :6). Keep it as a dry powder in a wen-etoppeled 
bottle. When a, solution is requireil, «itraot soma of the dry powder with too 
volumes of water ; Alter. The filtrate uootaina the ferment. 

23. SaltB and Sugar of Serum.— The usual salts may be tested 
for directly witli aerum diluted with water, or the following method 
may be adopted ; — 

Dilute blood and boil it ; filter. 
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The blood is heated with 6 to 8 times its Tolume of water, and slightly 
acidulated. The filtrate is evajioi-ated to a small bulk. When a drop of the 
eoncentrated filtrate is placed on a slide, cubes of common salt separate oat. 

To the colourless filtrate of 23 

(a.) Add silver nitrate = white curdy precipitate soluble in 
ammonia, but insoluble in nitric acid = chlorides, 

(h.) Add barium chloride = white, heavy precipitiite insoluble in 
nitric acid = auljfhaies, 

(c.) Add nitric acid and molybdate of ommonium and heat = 
yellow precipitate = ;>//o«;>//tt^^'i<. 

{fl,) Test with Fehling's solution or CuS(\ and NaHO and boil 
= red cuprous oxide = reducing 8ugai\ which is glucose. 




ADDITTONAL EXERCISES. 

24. To Obtain Clear Serum. —The best way to obtain this is by means of a 
centrifugal apparatus : but if the serum contain blood -corpuscles, a fairly 
clear fluid may be obtained by placing it in a vessel like 
(fig. 17). It consists of the separated top ot a wide flask 
provided with a cork in the neck, and in the cork is an 
adjustable tube provided with a clip. When the serum 
is placed in the apparatus, it must be above the level 
of the tube. On opening the clip, the clear serum can be 
drawn oH* without disturbing tlie deposit. 

25. Preparation of Serum - Albumin and Serum- 

aiobuHn.- Dilute clear serum with three volumes of a *''?;, lL\,T,,iPrr?il!! 
... p , . iii. 1 f"r uutaining Clear 

saturated solution of neutral ammonium sulphate, and Serum. 

add crystals of the same salt to complete saturation. 
Filter. The dei)Osit contains tlie two above-mentioned substances, and is 
waslied with a saturated solution of (NH4)2S04. The dejwsit is then dis- 
solved in the smallest possible amount of water and dialysed in a ])«rchment 
tube. In proiK)rtion as the saltdialyses, the serum-globulin is deposited as a 
white powder in the dialysing tube, whilst the serum -albumin remains in 
solution. It is not difficult to devise an apparatus whereby the water is 
kept flowing, and even the dialysis tube kept in motion in the running water, 
provided one has some motor power at hand. (S. Lea, Journal of Fhysiology^ 
xi. p. 226). 

After complete dialysis the fluid is filtered, the dejwsited serum -globulin is 
collected and washed. The filtrate— which contains the serum-albumin — is 
carefully neutralised with ammonia, again dialysed, filtered and concentrated 
at 40° C . After it is cold, the serum-albumin is mecipitated at once by strong 
alcohol, expressed, washed with ether and alcohol, and dried. 
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Serum -albumin is completely precipitated from its solution by ammonium 
sulphate, but not at all by magnesic sulphate. A solution, free from serum- 
globulin, containing 1-1.5 per cent, of salts, coagulates at about 50°, with 5 
per cent, of NaCl at rs'-So" C. 

26. Estimation of Grape-Sugar in Blood. — (a.) Place 20 grams of crystal- 
lised sodic sulphate in each of three {)orcelain capsules, and to each add exactly 
20 grams of the blood to be investigated. Mix the blood and salt together. 
Bo3 them until the froth above the clot becomes white, and the clot itself 
does not present any red specks. Weigh again, and make up the loss b^ 

evaporation by the addition of water. The whole is 
then placed in a small press, and the fluid i)art ex- 
pressed, collected in a capsule, and afterwards Altered. 
The filtrate is placed in a burette. 

In a flask place i cc. of Fehling's solution, and to it 
add a few ^mall pieces of caustic potash and 20 cc. of 
distilled water. Boil this fluid, and from the burette 
allow the clear filtrate of the blood to drop into the 
boiling dilute Fehling's solution until the latter loses 
every trace of its blue colour (fig. 18). As in all sugar 
estimations, the process must be repeated several times 
to get accurate results. Hence the reason why several 
capsiiles are prepared. 

Kead oH", on the burette, the number of cc. of the 
filtrate used, e.gr. =»m cc. The formula 

n 

in grams the weight of sugar per kilogram of blood. 
{Bernard.) 

(6.) In Seegen's Method, which may be taken as 
the type of the newer methods, the proteids are pre- 
cipitated by ferric acetate. The blood is diluted witli 
8-10 times its volume of water, acidiilated with acetic 
acid, and heated. When the precipitation of proteids 
commences, render the mixture strongly acid by the 
addition of acetate of soda and perchloride of iron ; 

then add sufficient sodic carbonate until the mixture 

-, ,, . is faintly acid, and boil. Allow it to cool, and filter 
rotlS"^?SS?^tingX i<^ through a fine cloth filter, free from starch. The 
Sugar in Blood. filtrate ought to be clear. The residue on the 

filter is washed several times with water, and the 
remaining fluid in it expressed by means of a small hand-press. The expressed 
fluid is then mixed with the clear filtrate. If the mixture has a slight reddish 
tint from the admixture of a small quantity of blood -pigment. Add a drop 
or two of perchloride of iron to precipitate the last traces of the proteids. 
Filter again. The sugar in the filtriite is estimated in the usual way by 
means of \ ehling's solution. 

27. Ash of Htemoglobin. — Incinerate a small quantity of oxy-ha?moglobin 
in a platinum caiisule. This is done in the manner shown in fig. 19, where 
the capsule is placed obliquely, and its contents heated in a Bunsen-flame 
until onl^ the ash remains. The ash is rtid, and consists of oxide of iron. 

(a. ) Dissolve a little in hydrochloric acid ; add potassic sulphocyanide » a 
red precipitate, -H ferrocyanide of potassium » a blue precipitate. 
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28. The Centrifugal Machine. — Precipitates or very niiuute particles 
suspended in a fluid, e.g,^ blocni- 
corpuscles in serum may be readily 
separated by this a])paratus. 

The liquid is placed in strong glass 
tubes, and these are in turn placed 
in metallic cases, which can move on 
a horizontal axis, the cases themselves 
being placed in a horizontal disc 
which is driven at the rate of looo 
revolutions per minute ; this causes 
the tubes to take a horizontal posi- 
tion, and after 30-40-60 minutes 
rotation the precipitate or other sus- 
pended particles are found at the 
outer end of the tube. The serum 
can thus be obtained perfectly 
corpuscleless. 

There are various forms of this 
apparatus. Some can be driven by 
the hand and yield small quantities 
of fluid, such as those sold by 
Muencke of Berlin (see Stirling's 
Outlines of Practical HistohKUfy p. 94, _ 

2 Ed. 1893) or that made by Watson ^m i9.-Method of Incinerating a Deposit to 
& Laidlaw of Glasgow. When large Obtain the Ash. 

quantities of fluid are required, that 

made by Fr. Runne of Basel is one of the best. It requires a water or 
gas- motor to drive it. At the present time Runue*s .** Werkstatte f. prac. 
Mechanik " are situated in Heidelberg. 
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THE COLOURED BLOOD CORPUSCLES. 

SPECTRA OF HAEMOGLOBIN AND ITS COMPOUNDS. 

Enumeration of the Corpuscles.— Several forms of instruments 
are in use, e,g,y those of Malassez, Zeiss, Bizzozero, and Gowers. 

1. The Hsemocytometer of Gowers (fig. 20) can be used with 
any microscope, and consists of — 

(a.) A small pipette, which, when fillet to the mark on its stem, 
holds 995 c.mm. (fig. 20, A). 

{b.) A capillary tube to hold 5 c.mm. (B). 

(c.) A small glass jar in wliich the blood is diluted (D). 

{(1,) A glass stirring rod (E). 

(e.) Fixed to a brass plate a cell j of a millimetre deep, and with 
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, iu which till! hloort-corpusi: 
of a solution of sodic sul[iha,te 



ite floor divided into scinares ^'g 
are counted. 

(,/".) The diluting solution 
in distilled water — sp. gr. 1025. 

8. Hode of Using the luBtrumeot. 

{«.) By means of the pipette (A) place 995 c.mm. of the dilut- 
ing solution in the mixing jar (It), 

(/).) Puncture a linger near the root of the naii with the lan<«t 
projecting from (F), and with tho pipette (B) suck up 5 c.mm. of 



I 



r 




the blood, and blow it into the diluting solution, and mix the two 
with the stirrer (E). 

((".) Place a drop of the mixture on the centre of the glasa ceU 
(C), 808 that it exactly tills the cell, and cover it gently with the 
cover-glass, securing the latter with tlie two springs. Place the 
cell with its plate on the stage of a microscope, and focus for the 
squares ruled on its base. 

(d.) When tlie corpuscles have subsided, count the number in 
ten squares, and this, wlien multiplied by 10,000, gives the number 
in a cubic millimetre of blood. 



VI.] THE COLOURED BLOOD CORPUSCLES. 45 

{e ) Wash the instrument, and in cleaning the cell do tliis with 
a stream of distilled water from a wash-bottle. Take care not to 
brush the cell with anything rougher than a camePs-hair pencil, to 
avoid injuring the lines. 

Each square has an area of yutt ^^ ^ square inm., so that 10 
squares have an area of y^^ of a square mm. As the cell is ^ mm. 
deep, the volume of blood in 10 squares is ^jj x ^ = ^\y c.mm. On 
counting the number of corpuscles in 10 squares, and multiplying 
by 50, this will give the number in i c.mm, of the dilut&l blood. 
•On multiplying tliis by ^^^^, we get the number in i c.mm. before 
dilution. Thus we arrive at the reason why we multiply the 
number in 10 squares by 10,000 to get the number of corpuscles in 
I c.mm. of blood. 
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r. Preparation of Hsemoglobin Crystals, (Qwo^90(>^i54^i79^^^) 
(a.) Bat's Blood.— Place a drop of detibrinated rat's blood on a 

slide, add three or four drops of water, 

mix, and cover with a cover-glass. Ex- 
amine with a microscope ; after a few 

minutes small crystals of oxy-haemo- 

globin will begin to form, especially 

at the edges of the preparation, and ^^ 

gradually grow larger in the form of 

thin rhombic plates arranged singly or 

in groups (fig. .21). 

{(),) auinea-Pig's Blood.— Treat the 

blood of a guinea-pig as directed for 

the blood of a rat. Tetrahedral crystals 

are obtained. Mount some defibrinated 

blood in Canada balsam. Crystals 

form. 

, ^ _ - _, , _ ,. , o, . . 1 Fig. fli.— Hfcmogloblii Cryitals 

(c.) Dog's Blood. — To 15 cc. of denbrinated from Rat's Blood. 

dog's blood add, drop by drop, i cc. or 

so of ether, shaking the tube after each addition of ether. By this means 

the blood is rendered laky^ a condition which is recognised by inclining 

the tube, and observing that the film of blood left on it, on bringing the 

tube to the vertical again, is transparent. Add no more ether, but place the 

tube in a freezing mixture of ice and salt ; as the temperature falls, crystals 

of haemoglobin separate. If the crystals do not separate at once, keep the 

tube in 'the freezing mixture for one or two days. Examine the crystals 

microscopically. Arthus finds that dog's blood, containing i per cent, of 

sodic fiuoride, after standing for several days, according to the suiTOunding 

temperature, deposits crystals of Hb. 
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4. Ozone Test for Heemoglobm. — Mis Bomo freshly-prepared I 
alcoholic solution of guaiaeiim witli ozonic ether; the mixture.! 
becomes turbitl, and on adding even a dilute solution of htemo- | 
glohiii, a blue colour reeults, duo to oxidation of the resin by tl 
ozoue liberated from the ozonic ether by the luemoglobin, 

5. SpectroBGopic Examinadoil of Blood. — Use a small Brow 
iiig's straight-vi.sioii spectroscope (fig. ii). 




LlDg'B Slrolijbt-VUiuri Spect 

Preliminary, —Observe the solar spectrum by placing the 
8i>octroscope before the eye, antl dirocling it to bright daylight. 
Note the spectrum from the red to the violet end, witli the inter- 
mediate coloui'8, and foeu3 particidarly tho dark Fra^nhofer'a lines, 
known as 1) in the yellow, E in 
the green, b, and ¥, their position 
and relation to the colours. Make 
a diagram of the colours, and the 
dark lines, indicating the latter by 
their appropriate letters. 

('(.) Fix the spectroscope in a 
suitable holder, and direct it to a 
gas-fiame, the. edge of the liame 
being towards the slit in the spec- 
troscope, noting that the spectrum 
shows no dark Fraunhofer hnea. 

(0.) Fuse a piece of platinum 
lire ill a glass tulje, and make a 
loop at the free end of tjie wire 
{fig. 13), Dip the platiimm wire 
no. i3.-awM^i^jnnMnmn wiretor m water and tiien in common 
salt, and burn the salt in tlie gas- 
flame, having previously directed the spectroscope townrds the gas- 
flamo, and so arranged the latter that it is seen edge-on. Note tlie 
jjosition of the bright yellow sodium line in the position of the 
line D. 
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' 6. I. Spectrum of Oxy-bEemoglobm. ^H 

{n.) ^e^m with n strong soluttoji and gradually dilute it. Place ^^H 
some detiliriimted hlood ill a test-tube, and observe its opacity and ^^H 
bright scarlet colour. ^^M 

burner, fix the spectroscope in a suitable holder, and between the ^^1 
light and the slit of the spectroscope place a teat-tube ootitainiiig ^H 
the blood op its solution. Focus the luiiff tmagt of the gas-flame on ^H 
the slit of the spectroscope. The focal point can be readily ascer- ^H 
_ tained by holding a sheet of wliite paper behind the test-tube. '^ 
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(,:.) Add 10 to 15 vohimes of water, and note that only the red ^H 
pai't of the spectrum is visible. Make a sketch of what you see, ^^| 
noting tlie dilution ^H 

(rf.) Add mare wal.er until the green appear.^, and observe that ^H 

(fig. 24, 1). Continue to dilute until this single broad baud is ^^ 

bead of sodic chloride in the gas-flame, to note distinctly the 
position of the I) line, and observe that of the two abflorptioD 

is more sliarply defined and narrower; while tlie otlier, ecu- ^H 
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veniently designated by tlie letter p, nearer the violet end, is 
broader and fainter. At the violet end the spectrum is shortened 
by absorption (fig. 24, 2). 

(e.) Continue to dilute the solution, and note that the band near 
the violet end is the first to disappear. 

Using coloured chali-s or }itnnla, sketch the apyparawres seen with 
poeh diluliun, and iwiiale o/tjuuiie eadi the di-rirte of the lattei: 

(/'.) A very instructive method is to make a pretty strong solu- 
tion of blood, allowing only one undivided baud. Place a httle 
of this in a teat-tube, and pour in water, so tiiat the water mixes 
but slightly with the upper strata of the blood. Examine the 
solution apectroscopieally, moving the tube so aa to examine first 
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the deeper strata of fluid until the surface is reached. At first 
a single bandia seen; but us the solution is moi* dilute above, 
the two bands begin to appear, audas the solution gets weaker above, 
the (8-band disappears, until, finally, with a very weak solution, 
Biich as is obtauied in the upper strata only, the a-band alone is 

Fig z5 shows the amount of light absorbed by solutions of oxy- 
haemoglobin (i cm, in thickness) and of various strengths. 

17. H Hffimoglobia 

(1.) To a solution of oxy-htemoglobin showing two well-defined, 
absorption-bands, add a 'few drops of ammonium sulphide, and 
warm t/enilt/, when the solution becomes jmrpligh or clarH-rvlnured. 

(6.) Study "the specti-um, and note that the two absorption- 
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bands of oxy-haBmoglobin are replaced by one absorption-band 
between J) and E, not so deeply sliaded, and with its edges less 
defined (fig. 24, 4). By sliaking the solution very vigorously with 
air, and looking at once, the two bands may be caused to re- 
appear for a short time. Observe the absorption of the hght 
at the red and violet fends of the spectrum according to the 
strength of the fluid. 

(c.) Dilute the solution, and observe that the single band is 
not resolved into two bands, but gradually fades and disappears. 

(d.) To a similar solution of oxy-lisemoglobin, showing two 
well-defined bands, add Stokes's fluids and observe the single 
absorption-band of haemoglobin. Shake the mixture with air and 
the two bands reappear. 

(e.) Use a solution of oxy-hsemoglobin where the two bands can 
Jnst 1)6 seeUy and reduce it with eitlier ammonium sulphide or 
Stokes's fluid, and note that, perhaps, no absorption-band of haemo- 
globin is to be seen, or only the faintest shadow of one. 

(/I) Compare the relative strengths of the solution of oxy- 
haemoglobin and hsemoglobin. The latter must be considerably 
stronger to give its characteristic spectrum. 

Fig. 25 shows the amount of light absorbed by solutions of 
reduced hgemoglobin (i cm. in thickness), and of various strengths. 

Stokes's Fluid. — Make a solution of ferrous sulphate ; to it add 
ammonia after tbe previous addition of sufficient tartaric acid to 
prevent precipitation. Add about three parts by weight of tartaric 
acid to two of the iron salt. Make it fresh when required, 

8. Seduction of Hb02 by Putreflying Bodies.— Fill a test-tube with a dilute 
solution of oxy-hsemoglobin or blood, add a drop of putrid meat infusion, cork 
the vessel tightly to make it air-tight, and allow it to stand. Ihe oxy-hoemo- 
globin is rciiuccd to hremoglobin, the colour changes to purple-red, and the 
Huid shows the spectrum of huemoglobin. A better plan is to seal up the 
blocd in a tube. It need not be mixed with putrid matter in order to observe 
after a time the reduction. 

9. Htematinometer. — For accurate observation, instead of a test-tube the 
blood is introduced into a vessel with parallel sides, the glass plates being 
exactly i cm. apart (fig. 31 D). Study this instrument. 

* 10. Hsematoscope (fig. 27). — By means of this instrum.ent the depth of the 
stratum of fluid to be investigated can be varied, and the variation of the 
spectrum, with the strength ot the solution, or the thickness of the stratum 
through which the light passes, at once determined. Study this instrument. 
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11. IIL Carbonic Oxide-Hsemoglobin.. — ^Through a diluted solu- 
tion of oxy-hsemoglobin or defibrinated blood pass a stream of car- 
bonic oxide- — or coal gas — until no more CO is absorbed. Note the 
florid cherry-red colour of the hlood. 

D 
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(a.) Dilute the Bolution in a test-tuba and observe its Bpectrum, 
noting that a stronger solution is required than with HbOj, to show 
the absorption -hands. Two absoip- 
tdon-bandfl nearly in the same posi- 
tion SB those of HbO,, but very 
slightly nearer the violet end (fig. 24, 
3). Make a map of the speutrum 
, and bands. 

(b.) The bands are not affected by 
■ ^MW ^'*^ addition of a reducing agent, 

L ^^^^^^ e.e/., ammonium sulphide or Stokes's 

I JH fluid. Add these fluids to two 

I ^9 separate test-tubes of the solution 

I _^^^ "^ COHb, and observe that the two 

I li^^HH^IH^H^tfl absorption bands are not afiected 

H ^^^Ha^^^^^^^^^B thereby. There is no difTerence on 

H l^^mPUBBJPB^^Bjc shaking the solution with air, as the 

I ^^^^Br^^^^^^l '^'^mpounil is so very stable. 




(c.) To a fresh portion of the solution of 
carbonic oxide htrmogloMn add a 10 per 
cent. sdIdCidd of caustic soda and boil — 
cinnabar-red colour. Coaipare this with 
a solution of OKy-hmmoglobin similarly 
ti'eated. The latter gives a brownish-red 
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Glass plate; O. PUtiin-ll 
closed by a glass plat«. B. 



(li.) Dilate 1 



hiildinE eurpliu B 



of blood with 20 cc. of 
,stio soda (sp. gr. 1.34}. 
If the blood confaina CO, the fluid first 
becomea white and cloudy, and presently 
red. When allowed to stand, flakes form 
and settle on the surface. Normal blood 
gives a dirty brown colouration, 
(e.) Non-BednotionofHbCO.— Repflat the above exjwirinient (VI. 8) with 
carbonic oxide hitmoglobin, and note that this body is not reduced by putre- 
faction. Or seal up the blood in a tube. 
I 12. TV. Aold-Htematia. 

(a.) To diluted delibrinated blood add a few di'ops of glacial acetic 
acid, and warm 'jeiitJy, when the mixture becomea brownish owing 
to the formation of acid hiEmatiu. 

{/>.) The spectrum shows One abBorption-band to the red side of 
" C (fig. s8, s), and there is considerable absorption of the 

blue end of the spectrum. 

(>•.) The single band is not affected hy ammonium sulphide or 
Stokes's fluid. Note that subihur is precipitated if Am^S ia used. 
If the fluid is made alkahne h£emor,hromoj;en is formed. 

N.B. — If acetic acid alone be used to effect the change, observe 
that only one absorptiou-band is seen. 
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THE COLOURED BLOOD CORPUSCLES 

IS. Acid-HfematLa in EtbereBl Solntion. 

(a.) To undiluted defibrinated blood add glacial acetic acid, 
which makes the mixture brown. Extract with ether, Bhake 
Tigoroualy, and a dark-brown ethereal solution of htematin is 
obtained. Pour it off and^ 

(/',) Observe the spectrum of this solution — /our absorption 
bands are obtained. The one in the red between C and D, corre- 
sponding to the watery acid-hfematin solution ; and on diluting 
further with ether a narrow faint one near D, one between D and 
E, and a fourth between b and F (fig. 28, 5). The last throe 
bands are seen only in ethereal solubions, BJid require to he looked 
for with care. 

14. T. Alkali-Hsematin. 

(a.) To diluted blood add a drop or two of solntion of caustic 
potasli, and warm gently. The colour changes to a brownish-grerai, 
and the solution is dichroic. (^r us© a solution of acid-luematin ; 
neutralise it with caustic soda until there is a precipitate of 
htematin ; on adding more soda and beating gently, the precipitate 
is re-disaolved, and alkali-h»:' matin is formed. 

(6.) Shako («.) with air to obtain oxy-alkali-faeematm. Observe 
its spectrum, one abeorption-band just to the rerf side of tlie D 
line. It is much neirer D than that of acid btematin (fig. a8). 
Much of the blue end o£ the spectrum is cut off. 




15. Beduced Alkali-HGematin or Haamochromogen. 

(".) Add to a solution of alkali-hie' matin a few drop»8 of ai 
sulphide and warm gently. Note the change of qqIqns ^'wfes^- 
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alkali-haematin. Stokes's reduced hEematin or hEemochromogen, 

and observe its spectrum ; two absorption-bands between ^ 

E, as with HbO, and HbCO, but tbey are nearer the 
violet end. The first band to the violet aide of the D 
line is well defined, while the seeond band, still nearer 
the violet end (ia fact, it nearly coincides with the 
£ line), is leas defined. They disappear on shaking 
'vigorously with air, and reappear on standing, pro- 
vided aullicient ummonium sulphide be added. 

Hnmuohromogen end HiBmiitiD. — Seal up in a gltiss tube 
a solution of oiy-hiemDg-lobin Mith eaustic soda. Hojiiie-Seylar 
recom7iiend3 the following method but it ia unnecessary. Ar- 
ge a tube as in fig. 20. Place souie h^emoglobtu solution 
in A, and into a narrower cup-shaped glass tube (B), with a 
long stflGi place some NaHO, and place B inside A. aa shown 
in the figure. Draw out the and ol tube A in a gas-Hame, and 
seal it in the flame. Min tha two solutions. At tbe end of 
three weeks break off the narrow end of the tube, and abed 
tbe contents upon a white plate. The contents consist of red 
.J) harmochromogen, but the latter, aa soon aa it is esrpoaed to 
Uie air, becomes htown, and is converted into hsematin. 

/ 16. VI. MethBemoglobin (fig. 30). 

(a.) To a medium solution of oxy-haemoglobin add 
a few drops of a fre.ihly-prepared strong solution of 
femcyanjde of potussium (or a i per eent. solution of 
^ potassic permanganate), warm gently, observe the 
change of colour, and examine it with a spectroscope. 
If the two bands of oxy-hiemoglobin are stiJl present, 
Fm. 19. — Appnrs- allow it to stand for some time and examine 
HcTnicliromoiwN^ again. If they persist, carefully add more ferri- 
cyanide until the two bands disappear. Note 
one absorption-band in the red near C, nearly in the same posi- 
tion, but nearer I) than the band of acid hiematin ; the violet 
end of the spectrum ia mueh shaded. Three other bands are 
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described, two in the green, and one in the blue, especially in 
dilute solutions. On adding ammonia to render the solution 
alkaline, the baud in the red disappears, and is replaced by a 
faint band near IX 
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Observe the many-banded spectnim of a solution of potassic 
permanganate. 

(b,)/To an alkaline solution of methaemoglobin add ammonium 
sulphide. This gives the spectrum first of oxy-haemoglobin and 
then of haemoglobin ; and on shaking with air, oxy-hs&moglobin is 
formed. 

(<•.) To a solution of oxy-hsemogloMn add a crystal or two of potassio 
chlorate ; dissolve it with the aid of gentle heat ; after a short time the spec- 
trum of methsemoglobin is obtained. 

(d,) Action of Nitrites.— To diluted defibrinated ox-blood, or 
preferably that of a dog, add a few drops of an alcoholic solution of 
amyl nitrite. The blood immediately assumes a chocolate colour 
(Gamgee). 

(e,) To another portion of diluted blood add a solution of 
potassic or sodic nitrite. Observe the chocolate colour. 

(/.) To portions of (d.) and (e.) add ammonia; the chocolate 
gives place to a red colour. 

(17.) Observe the spectrum of (rf.) and («.). The band in the red is distinct, 
and is best seen when the solution is of such a strength that only the red ravs 
are transmitted. On dilution, other bands are seen in the green. Add 
ammonia, and with the change of colour described in (/.) the spectrum 
changes as desoibed in {a. ). Add ammonium sulphide or Stokes's fluid, the 
spectrum of reduced haemoglobin appears, and on shaking up with air, the 
bands of oxy-hsenioglobin appear. 

^(h,) Crystals of Methsemoglobin. — To a litre of concentrated solution of 
hajnioglobin add 3-4 cc. of a concentrated solution of fenicyanide of jiotassium 
and also a quarter of a litre of alcohol, and freeze the mixture. After two 
days, brown crystals of methsemoglobin separate. 

(i,) To a few cc. of defibrinated blood (rat, guinea-pig), add an equal 
number of drops of amyl nitrite, and shake the mixture vigorously for a 
minute or two = dark chocolate tint of methaemoglobiu. A drop of this fluid 
transferred at unce to a slide, and covered, yields crystals of methsemoglobin 
{Halliburton), 

17. VII. Haematoporphyrin (iron-free h3?matin Cj^HigNgO). 

(a.) To some strong sulphuric acid in a test-tube add a few 
drops of undiluted blood (about 5 drops of blood to 8-10 cc. 
of IT2SO4) ; mix by shaking, when a clear violet-red cr purple-red 
fluid is obtained. 

(6.) Observe two absorption-bands, one close to and on the red 
side of D, and a second half-way between D and E. 

(c. ) To some of this violet-red solution add a large excess of water, which 
throws dd^wn part of the haimatopoi'phyrin in the form of a brown precipitate, 
which is more copious if the acid be neutralised with an alkali, e.g., caustic 
soda. Dissolve some of the })rown deposit in caustic soda, and examine it 
spectroscopically. 
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{d.) The spectrum shows four absorption-bands ; a faint band midway be- 
tween C and D, another similar one between D and £, but close to D ; a third 
band near E ; and a fourth one, darkest of all, occupying the greater part of 
the space between b and F, but nearer the former. 

• In all cases make drawings of what you see, and compare them with the 
table of characteristic spectra suspended in the laboratory. 

18. Picro-Carmine. — Its spectrum closely resembles that of 
HbOg, but the two bands are much nearer the violet end, one 
being midway between D and E, and the other to the violet side of 
E. The bands are unchanged on addition of AnigS or Stokes's 
fluid. The solution does not give proteid reactions. 



ADDITIONAL EXERCISES. 

19. Prolonged Action of Methiemoglobin-forming Beagents. — ^Allow 
KMn04, E^FeCye, iodine, amyl or potassium nitrite or elycerine to act on HbOs 
for some days at 40° C. Methsemoglobin is first formed, then hsematin. The 
latter is partially precipitated. Precipitate may be washed with water and 
dissolved in dilute acid or alkali. In the case of KsFeCyg the solution becomes 
cherry-red, and contains cyan-hsematin. Its spectrum shows one broad band, 
like that of Hb, between D and K, unchanged on shaking with air. In the case 
of amyl nitiite the final product in solution has a spectrum like that of Hb02, 
unchanged on treatment with Am2S (? HbNO). 

HbOg solution or dilute blood left on the water-bath at 40** C. for some days 
shows first a partial formation of methsmoglobin and later becomes Hb. H 
does not become converted into hssmatin («/. A. Menzies), 

20. Effect of Sodium Fluoride. — ^To HbOj solution or diluted blood, add a 
few drops of i per cent. NaFl solution, and keep at 40° C. until the colour 
change from scarlet to a rich crimson. Examine the spectrum. In addition 
to traces of the HbOg bands, there will be seen two banas, one very distinct to 
the red side of D, slightly nearer the red than the band of alkali-hsematin, the 
other, not easily seen, to the violet side of E. On addition of AnigS, the spec- 
trum changes first to that of HbOg, then Hb. 

21. Effect of Acids.— (a.) To 15 cc. dilute blood which gives a well-marked 
spectrum of Hb02, add 5 drops of i per cent. HCl (or other acid). The colour 
changes to brown, and the spectrum to that of acid hsematin. Add ammonia, 
the spectrum becomes that of alkaline methsbmoglobin, and, on addition of 
Am.^, the solution changes to HbO, then Hb. But, if Am.2S be added with- 
out previous addition of ammonia, the spectrum becomes that of hsemo- 
chromogen first becoming Hb on standing, and then Hb02 appears on shaking 
the solution with air. 

(A.) Place 15 cc. of solution of pure HbOg with well-marked spectrum in 
each of five test-tubes. To these add i, 2, j, 10, and 15 drops of i per cent. 
HCl respectively. Place all on a water-bath at 40" C. for 24 hours, or longer 
if necessary. In some of the tubes a precipitate of haematin will be found, and 
in one of these the supernatant fluia will be colourless, and will give proteid 
reactions. Decant the colourless fluid, and collect and wash with water the 
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bemalin firecipitate. Dissolve tlie luciinatm in water conUining a tnoe of 
ECI. It will givs tlifl BiiecCruiD of scid iin>iiiatin. To ooe Mrtion add soma 
of the decentea Quid and a few drojis Am.^, to inotlier add Am,S ouly. In 
tlie former esse the hn^mochromoeeu loraed irill gradaally becoas jiurtially 
converted into Eb (prove by sbakiDg with air and obtjuuing aiiectrulii of 
HhOg], in the latter case the biemochroiuogea will remaia unaltered. 



LESSON VII. 



WAVE-LENGTHS— DERIVATIVES OP HEMO- 
GLOBIN—ESTIMATION OF HiEMOQLOBIN. 

SpectroBcopic BetemunatioQ of Wave-LengthB. — Use Zeisa'a 
spectroscope, which is provided with an illuminated scale for this 

, W.L. of AbBorption-Bands of Oxy-HEemoglobin. 
Ra.) Arrange the apparatus as shown i 




telescope through which the observer looks at the spectnim 
obtained by the light passing tlirough B, and dispersed by the 
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flint-glass prism in the centre of the apparatus. In C is fixed 
a scale photographed on glass and illuminated by a fan-tailed 
burner. D is the hsBmatinometer containing the dilute blood. 

(6.) Throw a piece of black velvet over the prism ; light both 
lamps; look through A; adjust the slit in B, and the telescope 
in A, so as to get a good view of the spectrum, and over it the 
image of the scale. D is supposed not to be in position at first. 
On platinum wire, burn common salt in the flame to get the yellow 
sodium line D. Adjust the scale so that this line corresponds to 
the figures 58.9 on the scale, and fix the spectroscope tubes (A 
and C) in this position ; the scale is now accurately adjusted for all 
other parts of the spectrum. 

" The numbers on the scale indicate wave-lengths expressed in 
one hundred thousandths of a millimetre, and each division indi- 
cates a difference in wave-length equal to one hundred thousandth 
of a millimetre " {Gamgee,) 

Thus, Fraunhofer's line, D, which corresponds to division 58.9 
of the scale, has a wave-length of 589 miUionths of a millimetre. 
The wave-lengths of Fraunhofer's lines are : — A = 760.4, B = 687.4, 
= 656.7, D = 589.4, E= 527.3, F = 486.5. 

(c.) Using one of the blank maps supplied with Zeiss's spectro- 
scope — the maps correspond to the scale seen in the spectroscope — 
fill in, in wave-lengths, the position of Fraunhofer's lines B to F. 

{d,) Use a dilute solution of blood or haemoglobin — i part in 
1000 of water is best — and place it in the hsBinatinoineter, D, 
which is placed in position between the flame and the spectroscope, 
as shown in fig. 31. The distance between the parallel faces of D 
is I cm. The spectrum shows the tAvo absorption-bands of oxy- 
hsamoglobin between D and E. The narrower, sharper, and blacker 
band near D has its centre corresponding with the W.L. 579, and 
it may conveniently be expressed by the letter a of the oxy 
haemoglobin spectrum. 

The other absorption-band near E, and conveniently designated 
fiy is broader, not so dark, and has less sharply defined edges than 
a. Its centre corresponds to the W.L. 543.8. Notice that the 
other parts of the spectrum are seen, there being only slight 
cutting off of the red, and a slightly greater absorption of the violet 
end. 

(e.) Work with a stronger solution of blood, and observe how 
the two bands become fused into one, while more and more of the 
red and violet ends of the spectrum are absorbed as the solution is 
made stronger, until finally only a little red light is transmitted. 

2. W.L. of Absorption-Band of Reduced Hb. 

(a.) Adjust the apparatus as before, but reduce the oxy-haemo- 
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globin solution with Stokes's fluid— noticing the change of the 
colour to that of purplish or claret — until a solution is obtained 
which gives the single characteristic absorption-band of reduced 
Hb. This is nsnally obtained with a sohition of Hb of about 0.2 
pei cent. 

(6.) Observe the single absorption-band ks.^ deeply shaded, and 
with less defined edges between D and E, conveniently designated 
by the letter a. It extends between W.L. 595 and 538, and is 
not quite intermediate between D and E ; ia blackest opposite 
W.L. 550, so that it lies nearer D than E. Both ends of the 
spectrum are more absorbed than with a solution of oxy-hsemo- 
globin of the same strength. On further dilution of the solution, 
the band does not resolve itself into two hands, but simply 
diminiehee in width and intensity (Jig. 32, 5). 
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I.— Ths Spectn ol Oiy-Hniro^cibln (i. a, 3, 4), 
at OiyHsmnglohln, HiEmistnbin (cl lod Curl 
Lcngtbs added. Tbi! iiumbi^ra atUohed to the > 



Jdo Hwmo'^dbln (6), 



. W.L. of the Spectrum of Carbonic Oxide Hfemoglobm. 

■ '(■'.) Use a dilute solution of carbonic oxide hfemoglobin of such 
strength as to (five the two chaiucteristic absorption -bands. 
(f>.) Observe the two bands, a and y3, hke those of HbOj, hut 

both are uery alightly more towards the violet end of the apectnim. 

Ik extends from about "W.L, 587 to 564, and jS from 547 to 529. 
(e,) No reduction is obtained by reducing agents (lig. 32, 6). 
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4. Preparaaon of Hwnntin [Cj-HajNjO.Fe). 

(a.) Make dcfibrinated blood into a paste with potassic carbonate and dry 
it on a wuter-batb. Place the paste in a Bask, add 4 volnmeB of alcoLoI, and 
boil on a water-bath. Filter, and an alkaline brown solution of hiemaEin is 
obtained, Ke-BxtraJ3t the residue several times with boiling alcohol, and mix 
the aliwholic extracts. The solution ia dichroic. 

(6.) Acidify the alkaline liltratB of {a, ) with dilute sulphuric acid, filter, 
and keep the filtrate. ObBefTe the spectrum of acid haematic in the filtrate 
(figB. 28, 5, and 33, 5}. 
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(e.) AddescessofaniTnoniatotheacid filtrate of (*.), and filter olf the pre- 
cipitate, keep the filtrate, and observa that it is diohroic Observe the 
apeotrum of alliali hiematin in the filtrate (fig. iB, 6). 

(V.) Evttjiorate the filtrate from (c.) to dryness on a water-bath. Ertract 
the rBsidue with boiling water. The black residue is washed on a filtflr with 
distilled water, alcohol, «nd ether, and dried in a hot chamber at lao^ C. 
This is nearly pure hiematin, 

(*>.) It is convenient to keep in stock hicmatin prepared aa follows : — Ei- 
tract defibrinated Wood or blood-clot nx or sheep) with rectified spirit con- 
taining pure sulphuric acid ( I ; 10. ) Filter ; the solution gives the spectrum 
of aeid intmstin. Add an eqnal volume of water and then chlorofonn. The 
chloroform becomes brown, and there is a precipitate of proteids. Sejiariite 
the chloroform airtract, wash it with water to remove the acid. Separate the 
ehlorofarm, and allow it to evaporate. The dark brown residue is impure 
ItT-matin. When dissolved in alcohol and caustic soda it gives the siieotnim 
of alkali hiimatin, and on adding ammonium sulphide that of hi^mochromogen. 
If it iK dissolved in H..SO,. and filtered ttirough asbestos, the red filtrate gives 
the Bpeotnim ol btfuato-porphTrin (i/nc.l/uii"). 
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J 5. Hsemin Crystals. — Place some powdered dried blood on a 

glass slide, or smear s6me blood on a slide, allow it to dry, add a 

crystal of sodium chloride, and a few 

drops of glacial acetic acid. Cov^r ^^^ ^ '^'^^ A jtiS 

with a cover-glass, and heat until ^■^R^- ^ m " 

bubbles of gas are given off. After 

cooling, brown or black rhombic 

crystals of haemin are seen with a 

microscope (fig. 34). To preserve ^ ^^^ ^ ^ 
them irrigate with water, dry and ^ tt • ru.. * 1 

. . S J , 1 ' "^ FlO. 34.— Hcemm Crystals. 

mount m Canada balsam. 

6. Detection of Blood-Stains. — Use a piece of rag stained with 
blood. 

(a.) Moisten a part of the stain with glycerine, and after a time 
express the liquor, and observe it microscopically for blood-cor- 
puscles. 

(6.) Tie a small piece of the stained cloth to a thread, place the 
cloth in a test-tube with a few drops of distilled water, and leave 
it nntil the colouring-matter is extracted. Withdraw the cloth by 
means erf the thread. Observe the coloured fluid spectroscopi- 
cally. 

(c.) Boil some of the extract with hydrochloric acid, and add 
potassic ferrocyanide ; a blue colour indicates the presence of iron. 

(t/.) Use the stain for the hiemin test, doing the test in a watch- 
glass. 

7. The Hsemoglobinometer of Gowers s used for the clinical 
estimation of haemoglobin (fig. 35). The tint of tibe dilution of a 
given volume of blood with distilled water is taken as the index of 
the amount of haemoglobin. The colour of a dilution of aven^ 
norma] blood (one hundred times) is taken as the standard. The 
quantity of haemoglobin is indicated by the amount of distilled 
water needed to obtain the tint with the same volume of blood 
under examination as was taken of the standard. On account of 
the instability of a standard dilution of blood, tinted glycerin 
jelly is employed instead. The apparatus consists of two glass 
tubes of exactly the same size. One contains (D) a standard of 
the tint of a dilution of 20 c.mm. of blood, in 2 cc. of water (i in 
100). The second tube (C) is graduated, 100** = 2 cc. (100 times 
20 c.mm.). 

(a.) Place a few drops of distilled water in the bottom of the 
graduated tube (C). 

{h.) Puncture the skin at the root of the nail with the shielded 
lancet (F), and with the pipette (B) suck up 20 c.mm, of the blood, 
and eject it into the distilled water, and rapidly mix them. 
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(e.) Distilled water is then ailded drop by drop (from the pipette 
stopper of a bottle (A) supplied for that purpose) until the tint of 
the dilution is the same as that of the standard. The amoimt of 
water which has been added {i.e., the degree of dilution) indicates 
the amount of hiemoglobin. 

" Since average normal blood yields the tint of the standard at 
)° of dilution, the number of degrees of dilution necessary to 




Fio. i;.— .4. Pipette Imltle tir dlstlllsd "Rter : B. Capilliirr pipette: C. Graduiiled tube, 
a Tiibe with BtandBrii dilutli.n ; F. Lnnoet fur priiking the flnger. 

obtain the same tint with a given specimen of blood ia the per- 
centage proportion of the hiemoglobin contained in it, compared to 
the normal. T^'or instance, the zo c.mm. of blood from a patient 
with aniemia gave the standard tint of 30° of dilution. Hence it 
contained only 30 per cent, of the normal quantity of hfemoglohin. 
By ascertaining with the ha'mucytometer tlie corpnaeular richness of 
the blood we are able to compare the two. A fraction of which 
tlie numerator is the percentage of hiemoglobin, and the denomina- 
tor the percentage of corpuscles, gives at once the average value per 
corpuscle. Thus the blood mentioned above containing 30 per cent. 
of hemoglobin contained 60 per cent, of corpuscles; hence the 
average value of each corpuscle was ^ or half of the normal. 
Variations in the amount of htemoglobin may be recorded on the 
same chart as that employed for the corpuscles." 

" In using the instrument, the tint may be estimated by holding 
the tubes between the eye and the window, or by placing a piece 
of white paper behind the tubes ; the formei is perhaps the best. 




ESTIMATION OF B.«MOOLOBIN. 

In practice it will be found that, dnring 6 or 8 ieg 
it is difficult to distinguiali a difference between the tint of the 
tubes. It ia therefore necessary to note the degree at which the 
colour of the dilution ceases to ba deepnr than the standard, and 
aUo that at which it ie diatinctSy paler. The degree midway 
between these two will repi'esont the hsnioglobin percentage," 
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>f dilution, ^H 

int nf tliB ^^ 

I 



rieiacIil'B HffimometGr.— This appuratua (dg. jfijoonsiats ofshowB-slioB 
stand with A pillar beiiring a, relloctiiig aurfaoe (S) and a, jilatfoiiu. Dnder 
the tablo or ]iIutfonn is a slot carrying a glass wadge atainsd red (K), and 
moved bj a wheel (E). On the platlorm (M) is a small oylindrical vessel (G), 




ided into h\o «ini]iartmenta (« aud n ) b j a veiticn 
oompartment 13 placed pnre water, and m tlie othsr the 1 

Sted. A scala (P) on the alot of the instrament Bnai 
reotly the percentage of h'cinoglobin 
(a.) Fill with a pipette tho comiiaitment (n ) oiat the b 
water, and see that tha surface of thi 



sail turn. In one 
w one to read off 



cyliikjer. FUl the othe 
quarter witli distillad n 



oomiiartniolit [a], that for the hlood, about o 
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{b.) Prick the finger as in 7 with the instrument supplied for the purpose. 
Fill the short automatic capillary pipette tube with olood. Its capacity is 
6.5 cmm. In filling the tube, hola it horizontally. See that no blood 
adheres to the surface of the tube. This can be done by having the pipette 
slightly greasy on the outer surface. 

(r.) bissolve the blood obtained in (6.) in the water of the blood -compart- 
ment (a), washing out every trace of blood from the pipette. Mix the blood 
and water thoroughly. Clean the pipette. Then fill the blood compartment 
exactly to the surface with distilled water, seeing that its surface also is per- 
fectly level. 

(rf.) Arrange a candle in front of the reflector (S) — which is white, and with 
a smooth matt surface made of plaster-of-Paris — so as to throw a beam of light 
vertically through both compartments. Look down vertically upon both 
compartments, and move the wedge of glass by the milled head (T) until the 
colour in the two compartments is identical. Bead off the scale, which is so 
constructed as to give the percentage of haemoglobin. 

9. Bizzozero*s Chromo-Cytometer.— The chief part of the instrument con- 
sists of two tubes (fig. 37, ab, cd), working one within the other, and closed 
at the same end by glass discs, while the other ends are open. The one tube 

can be completely screwed into 
the other, so that both glasses 
touch. Connected with the outer 
tube is a small open reservoir (r), 
from which fluid can pass into 
the variable space between the 
two glass plates at the ends of 
the tubes. By rotating the inner 
tube, the space between the two 
glass plates can be increased or 
diminished, on the principle of 
Hermann's hsematoscope, and 
the screw is so graduated as to 
indicate the distance between 
the two plates, i.e., the thick- 
ness of fluid between them. Each 
complete turn of the screw =0.5 
mm., and the subdivisions on it 
are so marked — 25 to one turn 
(index fig. 37 erf)— that each 

subdivision of the index—— ^ 

25 
—0.02 mm. When the inner 
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Fio. 37.— General View of the Chromo-Cytonieter. 



ab and od. Two tubes, the one fits inside the 
other; r. Beservoir commiinicatin:; with the tube is screwed home and touches 
space between c and 6 when cd is screwed into the glass disc in the outer tube, 
ab ; cr. Milled -head and index scale to the left 1.1,^ /i. j«„ „4.„„ j„ „i. ^ ^., 4.u«, „«„i ' 
of it, for the tinted glass ; m. Handle. l^^ ]^^f^ stands at o on the scale 

If the instrument is to be used 

merely as a cytometer, these parts suffice ; but if it is to be used as a chromo- 
meter, the coloured glass must be used. The instrument is also provided 
with small glass thimbles with flat bottoms, containing 2 and 4 cc. respectively; 
a pipette graduated to hold i and i cc, and another pipette for 10 and 20 
cmm., the latter provided with an india-rubber tube, to enable the fluid 
to be sucked up readily ; a bottle to hold the saline solution, and a glass 
stirrer. 

Method of Usmg the Instrument as a Cytometer. — i. By means of the 
pipette place 0*5 cc. in normal saline solution in a glass thimble. 
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^8. — Showing how cd fits into ab. zz. Plates of glass 
Closing the ends of ah an<i ed\ other letters as in 

%• 37' 



2. With a lancette or needle puncture the skin of the finger at the edge of 
the nail. 

3. With the pipette suck up exactly 10 c. mm. of blood. Mix this blood with 
the .5 c cm. saline solution, and suck part ot the latter several times into the 
capillary tube, so as to re- 
move every trace of blood 
from the pipette. Mix the 
fluids thoroughly. Care- 
fully cleanse the pipette 
with water. 

4. Pour the mixture into 
the reservoir (r) of the in- 
strument. Gradually rotate 
the inner tube, ana as the 
two glass discs separate, 
the fluid passes into the 
space between them. 

5. In a dark room light 
a stearin candle, place it at 
a distance of i^ metres, and, taking the instrument in the lefc hand, bring 
the open end of the tubes to the right eye. With the risht hand rotate the 
inner tube to vary the thickness of the column of fluid, and so adjust it 
until the outlines of the upper three- fourths of the flame can be distinctly 
seen through the stratum of fluid. Vary the position of the inner screw so 
as to determine accurately when this occurs. Bead ofl* on the scale the 
thickness of the stratum of fluid. 

Oraduaiion of the Instnivient as a Cytomefer, — In this instrument the 
graduation is obtained &om the. thickness of the layer of blood itself, and the 
amount of hrenioglobin is calculated directly from the thickness of the layer 
of blood which is necessary to obtain a certain optical effect, viz. , through the 
layer of blood -corpuscles to see the outlines of a candle- flame placed at a 
certain distance. 

From a number of investigations it appears that in healthy blood the out- 
lines of the flame of a candle are distinctly seen through a layer of the mixture 

of blood — mm. in thickness. 

ICX) 

Let the number no correspond to i, or to icx) parts of hfemoglobin ; then 
it is easy to calculate the relative value of the subdivisions of the scale on the 
tube of the instrument. Let g -= the degree of the scale for normal blood ; 
g', that for the blood being investigated ; e, amount ot haemoglobin in the 
former ; and e\ the amount sought for in the latter. 

Assuming that the product of the quantity ox haemoglobin and the thickness 
of the stratum of blood is constant, so that 



Then we have 



eg'^e'g'. 



Let us assume that the blood investigated gave the number 180; then, 
using the above data, we have : — 



- looxiio 11,000 f- 

Q ^ — ^ 5 ^ 01,1, 
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Haemoglobiu 


Cytometer Scale. 


HaenioglobJQ 


. lOO.O 


170 


. 64.7 


91.6 


180 . 


61. 1 


. 84.6 


190 


. 57.9 


. 78.5 


200 


• 55.0 


. 73.3 


210 


. 52.4 


. 68.7 


220 


50.0 



The blood, therefore, contains 61. i haemoglobin. The following table gives 
the proportion of haemoglobin, the normal amount of haemoglobin being teken 
as— 100: — 

Cytometer Scale, 
no 
120 
130 
140 
150 
160 

Using the Instrument as a Chromometer. — ^The blood is mixed with a 
known volume of water, whereby the haemoglobin is dissolved out of the red 
corpuscles and the fluid becomes transparent. The quantity of haemoglobin is 
calculated from the thickness of the stratum of fluid required to corres])ond 
exactly to the colour-intensity of a coloured glass accoih|»anying the instru- 
ment. The latter is coloured of a tint similar to a solution of haemoglobin, 
and is flxed to the instrument by means of a suitable brass fixture. 

1. Fix the coloured glass with its brass frame in the instrument. 

2. Mix 10 c.mm. blood with .5 cc. distilled water. In a few seconds a trans- 
parent solution of haemoglobin is obtained. 

3. Pour this solution into the reservoir (r), and rotate the inner tube so 
that the fluid passes between the two glasses. Direct the instrument towards 
a white light or the sky, not towards the sun, and coro})are the colour of tlie 
solution with tlie stanaard coloured glass, a procedure which is facilitated by 
placing a milky glass between the source of light and the layer of blood, so as 
to obtain diffuse white light. Wlien the two colours ap])ear to have as near 
as possible the same intensity, read off* on the scale the thickness of the layer 
of blood, and from this, by means of the accompanying table, ascertain the 
corresponding amount of haemoglobin. 

This is done in the same way as tor the cytometer, but- the graduation is 
diffierent, as in the one case we have to do with a candle- flame, and in the 
other with a coloured glass. 

In very pronounced cases of aniemia, even with a layer of blood 6 mm. in 
thickness, owing to the limits of the instrument, the intensity of the mixtuio 
of blood may be less than that of the coloured glass. In such a case, 
instead of 10 c.mm. of blood, use 20 c.mm. 

Graduation of the Chroin/nneter. — As the coloured glass has not absolutely 
the same intensity of colour in all chromometers, one must first of all estimate 
th^ colour- in tensity of the glass itself. This is most easily done by ascertain- 
ing in a given specimen of blood what decree of the chromometer corresponds 
to the scale of the cytometer of the same blood. 

Suppose that a si)ecimen of blood by means of the cytometer gave no, and 
by the chromometer 140 ; the number no of the cytometer = 100 hrcmoglobiu. 
so that the chromometer number 140 must also oe =» 100. With the aid of 
the formula (p. 63) a similar table can be constructed for the chromometer. 
Suppose the olood investigated = 280 ; then by the aid of the formula and 
the data from normal blood we have — 

, 100 X 140 14,000 ^^ 

C BS ^I— ^ —I B> CO. 

280 280 ^ 

This blood, therefore, contains 50 paii» of haemoglobin. 

Example, — Blood gives 130 with the cytometer and 190 with the chromo- 
meter ; what is the initial number of the chromometer graduation correspond- 
ing to 100 parts of haemoglobin T 
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If 130 (cytometer) corresponds to 190 (chromometer) then no cytometer 
(i.e.f graduation corresponding to 100 parts of haBmoglobin) corresponds to x 
chromometer graduation : 

,^« ,r^ .,« . I9O.IIO 20,900 ,/i^ ^ 

130: 190 = no : a;.*, a; ™ -^ « — *-^—- = 160.7. 

130 130 

Blood containing 100 parts hemoglobin will corresiwnd to 160 of the chromo- 
meter scale, and beginning with this number as a basis, with the aid of our 
formula it is easy to construct a table showing the relation. 

Whilst the value of the cytometer scale remains the same for every instru- 
ment, the chromometer scale varies with each instrument, as the colour- 
intensity of the glass is not necessaiily the same in all. But it is easy to 
construct a scale for each instrument by investigating a specimen of blood 
and comparing it with the cytometer graduation as indicated in the foregoing 
paragrapn. 

Precautimis to he Observed in Using the Instrument. — The exact quantity of 
the several fluids must be carefully measured ; eva])oration must be prevented 
by covering the blood-mixture. Further, do not look at the fluid too long at 
a time, as the eye becomes rapidly fatigued. Further, the operation must be 
carried out not too slowly, as the saline solution only retards the coagulation 
of the blood, and does not arrest it. 

In cases of leukaemia, where there is a large number of white corpuscles 
rendering the mixed fluid opaque, the corpuscles may be made to disappear by 
adding a drop of a very dilute caustic potash. If the opacity does not disappear 
by the addition of this substance, then the oi>acity is due to the presence of 
fatty granules in the blood, so that by this means we can distinguish lipsemia 
from leuksemia. 

Bizzozero claims that when the instrument is used as a cytometer the mean 
lerror is not greater than 0.3 per cent. 

10. Preparation of Hiemoglobin {dog^s or horse's blood), — Centrifugal ise 
filtered fresh defibrinated dog*s blood, and when the corpuscles have subsided 
pour off the clear serum. Mix the corpuscles with .5-2 uer cent, solution of 
NaCl, and centrifugalise again. Repeat the process until the washings con- 
tain only a trace of proteid, or begin to be tinged red from the solution of the 
blood-corpuscles. 

Mix the magma of corpuscles with 2-3 volumes of water saturated with 
acid-free ether. The cor])Uscles swell up, become almost invisible, and the 
solution becomes clear. With the utmost care add, stirring all the time, i per 
cent, solution of acid sodic sulphate until the blood appeal's turbid like fresh 
blood. The stromata of the corpuscles are thereby caused to shrivel, and when 
they are centrifugalised for a long time, they run together, and can thus be 
separated. Pour ott" the clear fluid, cool it to o**, add one-fourth of its volume 
of pure alcohol previously cooled to o** or lower. Shake up the whole, and let 
it stand for twenty-four hours at 5°-I5^ As a rule, the whole jwsses into a 
glittering crystalline mass. Place it in a filter cooled to 0°, and wash it with 
ice-cold 25 per cent, alcohol. Redissolve tlie crystals in a small quantity 
of water, and recrystallise with alcohol as before. The crystals are spread on 
plates of porous porcelain, and dried in a vacuum over sulphuric acid. 

11. Amount of Hspmoglobin in Blood — Colorlmetric Method (Uoppe- 
Seyler's method).— A standard solution of pure haemoglobin diluted to a 
known strength is used, and with this is compared the tint of the blood 
diluted with a known volume of distilled water. 

(a.) A standard solution of haemoglobin of known strength is supplied (^fpra). 
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(b.) Spread a, sheet of white ■paper on n table in a good Hg)it op]waitB a 
window, and on it jilace two hitmatinoDieters aide bj side (fig, 31, D). Ses 
that they are watertight. If not, anoint the cdgea of the glass plates with 
vaBsIine to make them water-tight. 

(c) lake 10 ce. of the standard solution of hiemoglobiu and dilute it with 
50 cc. of water, and place it in one of the hiematiiionieters. 

(d.) Weigh 5 grams of the blood to be investigated, and dilute it with 
inter exactly to 100 cc. 

(«.) Plnve 10 «. of this deei>er tinted blood (d.) into the second hieniatiDO- 

(/.) Fill an accurately gradnated burette with distilled water, place it over 
the second hiriuatinonieter {f. ). and dilute the blood in it until it has ureciselj 
the same tint as the standard solution in tbe other hsmatiDometer. Note the 
amount of water added. The two suIuLiona nmut now contain the same 



4 




oc w b d dded to obtain the same tint as that of the slnndard 

do b h me of water wliich woidd rei^uire to be added tii 

dilute tha whole 400 ce. would ba 1510 cc. , thus— 

By adding 1520 ce. of distilled water to tha 400 ce. of blood solution, we get 
1920 no. oT the same tint or degree of dilation as the standard solution. 

The standard solution on analysis was found to contain 0.141; grams of 
hmnoglohin in 100 eo., so that the total amount of bfl;moglohin in the dUutad 
blood is found, thus — 

too : 1920 : : 0.145 ' ' 
a — Z.784 gnins. 
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Since, however, this amount of haemoglobin was obtained from 20.186 grams 
of the original blood, the amount in 100 parts will be found as follows : — 

20.186 : 100 : : 2.784 : x 
X = 13*79 grams per cent, 

12. MicrospectroBcopes. — When very small Quantities of fluid are to be 
examined, they are placed in small vessels maae by fixing short lengths of 
barometer tubing to a glass slide. Use either the instrument of Browning or 
that ot Zeiss (figs. 39, 40). 

The instrument is in reality an eyepiece with a slit mechanism adjustable 
between the field glass and eye glass of an ocular. The instrument is fitted 
into the tube of a microscope in place of the eyepiece. It consists of a drum 
(A) with a slit adjustable by means of the screws H and F (fig. 40). Within 
the drum there is also a prism whereby light admitted at the side of the drum 
is totally reflected towards the eye of the observer. Above the eye glass is 
placed an Amici prism of great dispersion, which turns aside on tlie ])ivot (K) 
to allow of the adjustment of the object. It is retained in position by the 
catch (L). At N is placed the scale of wave-lengths, and its image can be 
projected on the spectrum by the mirror (0). The scale is adjusted relative 
to the spectrum by the screw P. The scale is set by the observer so that 
Fraunhofer's line D corresponds to 58.9 of the scale. 

The fluid to be examined is placed in a suitable vessel on the stage of the 
microscope, and light is transmitted through it. 



LESSON VIII. 

SALIVARY DIGESTION. 

1. To Obtain Mijced Saliva. — Rinse out the mouth with water 
an hour or two after a meal. Inhale the vapour of ether, glacial 
acetic acid, or even cold air through the mouth, which causes a 
reflex secretion of saliva. In 
doing so, curve the tongue l\ ^ 
so as to place its tip behind """li. 
the incisor teeth of the upper 
jaw. Or chew a piece of 
caoutchouc. In a test-glass 
collect the saHva with as few 
air-bubbles as possible. If 
it be turbid or contain much 
froth, filter it through a small 
filter (p. 69). 




^l^D^ 







Fig. 41. — ^Microscopic Appearances of Saliva. 



2. I. Microscopic Examination. — With a high power observe 
the presence of (i) squamous epithehum, (2) salivary corpuscles^ 
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(3) perhaps debi'is of food, (4) possibly air-bubbles, and (5) fungi — 
especially various forms of bacteria (fig. 41). 

II. Physical and Chemical Characters (sp. gr. 1002 -1006). 

(a.) Observe its appearance — it is colourless and either trans- 
parent or translucent— and that when poured from one vessel to 
another it is glairy, and more or less sticky. On standing, it 
separates into two layers ; the lower one is cloudy and turbid, and 
contains in greatest amount the morphological constituents. 

{b.) Its reaction is alkahne to litmus paper. 

(c.) Add acetic acid = a precipitate of mucin not soluble in 
excess. Filter. 

(d,) With the filtrate from (c), test for traces of proteids 
(serum-albumin and globulin) with the xanthoproteic reaction and 
Millon's test. ' 

(e.) To a few drops of saHva in a porcelain vessel add a few 
drops of dilute acidulated ferric chloride = a red colouration due to 
potassic sulpho-cyan'de. The colour does not disappear on heat- 
ing, or on the addition of an acid, but is discharged by mercuric 
chloride. Meconic acid yields a similar colour, but it is not 
discharged by mercuric chloride. The sulpho-cyanide is pre- 
sent only in parotid saliva, and is generally present in mixed 
saUva. 

(/.) Test a very dilute solution of potassic sulpho-cyanide to 
compare with (e.). 

(g,) Grscheidlen's method. Dip fiiter paper in weak acidulated 
(HCl) ferric chloride solution, and allow it to dry. Contact with a 
drop of saHva gives a reddish stain. 

(A.) The salts are tested for in the usual way (see " Urine "). 
Test for chlorides (HNOg and AgNOg), carbonates (acetic acid), 
and sulphates (barium chloride and nitric acid). 

{{.) Nitrites are often present in saliva. Add a Uttle of the saliva to starch 
paste, containing a little sulphuric acid and iodide of potassium, when, if 
nitrites be present, an intense blue colour is produced. 

ij.) To diluted saliva add a few drops of sulphuric acid, and then nieta- 
diamidobenzol. Yellow colour indicates the presence of nitrites. This re- 
action does not succeed in all cases. 

8. Digestive Action. 

Starch Solution. — Place i gram of pure potato starch in a 
mortar, add a few cc. of cold water, and mix well with the starch. 
Add 200 cc, of boiling water, stirrmg all the while. Boil the 
fluid in a flask for a few minutes. This gives .5 per cent, 
solution. 

Action of Saliva on Starch (Ptyalin, a diastatic enzyme). 

(a,) Dilute the sahva with five volumes of water, and filter it. 
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This is best done through a filter perforated at its apex by a pin- 
hole. In this way all air-bubbles are got rid of. Label three 
test-tubes A, B, and C. In A place starch mucilage, in B saliva, 
and in C I volume of saliva and 3 volumes of starch mucilage. 
Place them in a water-bath at 40** C. for ten minutes. Test for a 
reducing sugar in portions of all three, by means of Fehling's 
solution. A and B give no evidence of sugar, while C reduces 
the Fehling, giving a yellow or red deposit of cuprous oxide. 
Therefore, starch is converted into a reducing sugar by the saliva. 
This is done by the ferment ptyalin contained in it. 

(b.) Test a portion of C with solution of iodine ; no blue colour 
is obtained, as all the starch has disappeared, being converted 
into a reducing sugar or maltose. 

(r.) Make a thick starch mucilage, place some in test-tubes 
labelled A and B. Keep A for comparison, and to B add saliva, 
and expose both to 40*^ C. A is unaffected, while B soon becomes 
fluid — witliin two minutes — and loses its opalescence ; this liquefac- 
tion is a process quite antecedent to the saccharifying process 
which follows. 

4. Stages between Starch and Maltose. — Mix starch and saliva 
as in 3 (a.) C, and place in a water-bath at 40** C. At intervals of a 
minute test small portions with iodine. Do this by taking out a 
drop of the liquid by means of a glass rod. Place the drop on a 
white porcelain plate, and with another glass rod add a drop of 
iodine solution. 

Note the following stages: — At first there is pure blue with 
iodine due to the soluble starch formed giving also a blue witli 
iodine, later a deep violet, showing the presence of erythro-dextrin, 
the violet resulting from a mixture of the red produced by the 
dextrin and the blue of the starch. Then the blue reaction entirely 
disappears, and a reddish-brown colour, due to erythro-dextrin 
alone, is obtained. After this the reaction becomes yellowish- 
brown, and finally there is no reaction with iodine at all, achroo- 
dextrin being formed, along with a reducing sugar or maltose. 
The latter goes on forming after iodine has ceased to react with the 
fluid, and its presence is easily ascertained by Fehling's solution. 
The soluble starch is precipitated by alcohol, while maltose is 
not. In this way this body may be separated. 

5. Effect of Different Conditions on Salivary Digestion. 

(a,) Label three test-tubes A, B, and 0. Into A place some saliva, boil it, 
and add some starch mucilage. In B and C place starch mucilage and saliva, 
to B add a few drops of hydrochloric acid, and to C caustic potash. Place 
all three in a water-bath at 40° C, and after a time test them for sugar by 
Fehling's solution. No sugar is formed — in A because the ferment was de- 
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stroyed by boiling, and in B and C because strong acids and alkalies arrest 
the action of ptyalin on starch. 

(6.) If a test-tube containing starch mucilage and saliva be prepared as in 
8 (a,) C, and placed in a freezing mixture, the conversion of starch into a re- 
ducing sugar is arrested ; but the fennent is not destroyed, for on j)lacing the 
test-tube in a water-bath at 40" C, the conversion is rapidly effected. 

(e.) Mix raw starch with saliva and keep it at 40° C. Test it after half an 
hour, when little or no sugar will be found. 

6. Starch is a Colloid, but Sugar is a Crystalloid and dialyses. 

(a.) Place in a sausage parchment tube (p. 78), 20 cc. of starch mucilage (A), 
and into another, some starch mucilage with saliva (B). Suspend A and B 
in distilled water in se[)arate vessels. 

{b. ) After some hours test the diffusate in the distilled water. No starch 
will be found in the diffusate of either A or B, but sugar will be found in that 
of B, proving that sugar dialyses, while starch does not. Hence the necessity 
of starch being converted into a readily diffusible body during digestion. 

7. Action of Malt-Extract on Starch. 

(a.) Rub up 10 grams of starch with 30 cc. of distilled water in a mortar, 
add 200 cc. of boiling water, and make a strong starch mucilage. 

(6.) Powder 5 grams ot pale low-dried malt, and extiact it at 50° 0. for half 
an hour with 30 cc. of distilled water, and filter. Keep the filtrate. 

(c.) Place the starch paste of (a.) in a flask, and cool to 60° C, add the ex- 
tract of (^.), and place the Hask in a water-bath at 60"" C. 

(rf.) Observe that the paste soon becomes fluid, owing to the formation of 
soluble starch, and if it be tested from time to time (as directed in 4), it gives 
successively the tests for starch and erythro-dextrin. Continue to digest it 
until no colour is obtained with iodine — i.e., until all starch and erythro- 
dextrin have disappeared. 

{e.) Take a portion of{d.) and precipitate it with alcohol ^achroo-dextrin. 
The liquid also contaihs maltose ( /". ). 

(/.) Boil the remainder of the fluid, cool, filter, and evaporate the filtrate to 
20 cc. Add 6 volumes of 90 per cent, spirit to precipitate the dextrin ; boil, 
filter, and concentrate to dryness on a water-bath and dissolve the residue in 
distilled water. The solution is maltose (C,2H220i, -+ H^O) If the alcoholic 
solution be exposed ta air, crystals of maltose are formed. 



ADDITIONAL EXERCISES. 

8. ComTtare the Beducing Power of Maltose and Dextrose. 

(a. ) With Fehling's solution estimate the reducing power of the solution 
obtained in 7 (/ ). (See " Urine. ") 

(h.) Boil in a Mask for half an hour 50 cc. of the solution of maltose with 
5 cc. of hydrochloric acid. Neutralise with caustic soda, and make uj) the 
volume, which has been reduced by the boiling, to 50 cc, and determine by 
Fehling's solution the reducing power. The acid has converted the maltose 
into dextrose, and the ratio of the former estimation (a. ) to the present one 
should be 65 to 100. 

(f. ) A solution of pure dextrose treated as in {b. ) is not affected in its re- 
ducing |K>wer. 

Saliva has practically the same effect on starch as malt-extract, and may be 
used instead of the latter. 
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9. Tetra-Faper, and Oxidising Power of Fluids, e,g., Saliva^ —The papers 
known as tetra-paper are used to estimate the oxidising power of a fluid, such 
as saliva. They are impregnated with tetra-methyl-paraphenylene-diamiue. 
This body, with i atom of oxygen assumes a violet tint, and a larger number 
of atoms of oxygen enfeebles or discharges the colour so produced. C Wurster 
has made this the basis for the measurement of the oxidising power of fluids, 
the ozone of the air, or nitrous acid. Seven times as much oxygen is required 
to destroy the colour formed as is necessary to form it from the original tetra- 
base. The shades of colour in the empirical scale, which is supplied with the 
tetra-papers, are obtained by means of a solution of iodine. A certain depth 
of tint on tlie scale corresponds to a certain amount of active oxygen (ozone) 
j>er litre of the fluid. The pat)ei's and scale are supplied by Dr. Theodor 
Schuchardt, G(-rlitz. 

(ff.) Fold the paper and place it on a white porcelain background. If the 
fluid to be tested is alkaline, moisten the paper previously with a drop of pure 
glacial acetic acid, and allow a few drops of the fluid, e </., saliva, to run on 
the paper. Compare the colour of the paper with the Roman numbers on the 
scale ; this indicates the amount of ozone per litre. If the process be done in 
a test-tube, the tctra-substance is dissolved out and the fluia becomes bluish. 



LESSON IX. 
GASTRIC DIGESTION. 



1. Preparation of Artificial Gastric Juice. 

(a.) Take part of the cardiac end of the pig's stomach, which has 
been previously opened and washed rapidly in cold water, and 
spread it, mucous surface upwards, on the convex surface of an 
inverted capsule. Scrape the mucous surface firmly with the 
handle of a scalpel, and rub up the scrapings in a mortar with fine 
sand. Add water, and rub up the whole vigorously for some time, 
and filter. The filtrate is an artificial gastric juice. 

(h.) V. Wittich's Method. — From the cardiac end of a pig's 
stomach detach the mucous membrane in shreds, dry them between 
folds of blotting-paper, place them in a bottle, and cover them with 
strong glycerine for several days. The glycerine dissolves the 
pepsin, and on filtering, a glycerine extract with high digestive 
properties is obtained. 

(c.) Eiihne's Method. — Take 130 ^ams of the cardiac mucous membrane 
of a j)ig's stomach, and place it in 5 litres of water containing 80 cc. of 25 per 
cent, hydrochloric acid (/.«., .2 per cent.)- Heat the whole for twelve hours at 
40" 0. Almost all the mucous membrane is dissolved. Strain through flannel 
and then filter. This is a powerhilly peptic fluid, but it contains a small 
quantity of ])e|)tones. It can be kept for a lon^ time. The test of an active 
])rei)aration of gastric juice is that a thread of fibrin, when placed in the fluid 
ana wanned, should be dissolved in a few minutes. 
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(d,) Instead of (a.) or (b,) use Benger's liquor pepticus, or the 
pepsin of Burroughs, Wellcome, & Co., or that of Park, Davies, 
&Co. 

All the ahove artificial juices, when added to hydrochloric acid 
of the proper strength, have high digestive powers. 

2. Pepsin and Acid (HGl) are necessary for Gastric Diges- 
tion. 

(a,) Take three beakers or large test-tubes, label them A, B, C. 
Put into A water and a few drops of glycerin extract of pepsin or 
powdered pepsin. Fill B two-thirds full of hydrochloric acid 0.2 
per cent., and fill C two-thirds full with 0.2 per cent, of hydrochloric 
acid, and a few drops of glycerin extract of pepsin. Put into all 
three a small quantity of well-washed fibrin, and place them all in 
a water-bath at 40° C. for half an hour. 

(ft.) Examine them. In A, the fibrin is unchanged ; in B, the 
fibrin is clear and swollen up ; in C, it has disappeared, having 
first become swollen up and clear, and completely dissolved, being 
finally converted into peptones. Therefore, both acid and ferment 
are required for gastric digestion. 

The results obtained, all the tubes being at 40** C, are : — 



Tube A. 


Tube B. 


Tube C. 


Water. 
Pepsin. 
Fibrin. 


Water. 

Hydrochloric acid. 
Fibiin. 


Water. 
Pepsin. 

Hydrochloric acid. 
Fibrin. 


After Twenty Minutes. 


1 

Unchanged. 


Fibrin begins to swell up 
becomes clear, and 
small quantity of acid 
albumin formed. 


Acid albumin formed 
(precipitated on neu- 
tralisation) albumoses 
formed (precipitated by 
(NH4) SO4). and small 
quantity of ]>eptones. 


Aftek One Hour. 


Unchanged. 


More acid-albumin 
formed. 


Small amount (or no) 
acid - albumin ; albu- 
moses, and much 
peptone. 
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4. Products of Peptic Digestion and its ConditioiiB. 

(a.) Half flU thrse large test-tubes, labelled A, B, C, 
hydrochloric utid 0.2 per cent. Aid to each five drops of g 
extract of pepsin. Boil B, and 
make C faintly alkaline with 
sodic carbonate. The alkalinity 
may be noted by adding pre- 
viously Bome neutral Htmus 
BoEution. Add to each an equal 
amount — a few tiireads of well- 
washed fibrin — which has been 
previoualy steeped for some time 
in o.z per cent, hydrochloric 
acid, BO that it is awollen up 
and transparent. Keep the 
tubes in a water-bath (fig. 42) 
at 40° C. for an hour, and ex- 
amine them at intervals of s 
twenty miinitea. 

(h.) After live to ten minutes, 
or leas, the librin in A ia dissolved, and the fluid begins to be 
turbid. In B aud C there is no change. Even after long exposure 
to 40° C. there is no change in B and C. After tliree-quarters of 
an hour filter A and part of B and C. Keep the filtrates. 

((■.) Carefully neutralise the filtrate of A with dilute caustic 
soda = a precipitate of acid-albimuii. Filter off this precipitate, 
dissolve it in 0.2 per cent, hydrochloric acid. It gives proteid 
reactions (Lesson I. 7). 

('?.) Test the filtrate of (-■.) for alhunione or proteose. Repeat 
all the tests for albumose (Lesson I. 10). Albumose is soluble in 
water, and gives all the ordinary proteid reactions. It is precipi- 
tated by nitric acid in the cold in presence of NaCI, but the 
precipitate is redissolved with the aid of heat, and reappears on 
cooling, Tliis is a characteristic reaction. It is precipitated by 
acetic acid and ferrocyanide of potassium ; by acetic acid and a 
saturated solution of sodic sulphate ; and by metaphosphoric acid : 
while peptones are not. It gives the biuret reaction (Uke peptone). 
Like peptones, it is soluble in water, 

(e.) To part of the filtrate of (r.) add neutral ammonium sul- 
phate to saturation. This precipitates all the albumosea, while 
the peptones are not precipitated, but remain in solution. Filter 
and test the filtrate for peptones (Lesson I, 10). In the biuret. 
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reaction owing to the presence of (NH J2SO4 a great excess of soda 
has to he added. 

(/.) Neutralise part of the filtrates of B and C. They give no 
precipitate, nor do they give the reactions for peptones. In B the 
ferment pepsin was destroyed by boiling, while in C the ferment 
cannot act in an alkahne medium. 

ig,) If to the remainder of C acid be added, and it be placed 
again at 40° C, digestion takes place, so that neutralisation has not 
destroyed the activity of the ferment. 

Instead of fibrin white of egg may be used. 

The methods used by Kiihne to isolate the varieties of albumose 
are purposely omitted here (p. 78). 



Products of Gastric Digestion. 

To 50 grams well-washed and boiled fibrin + 250 cc. 0.2 per cent. 
HCl. Digest for twenty -foor hours at 40° C. Neutralise with sodium 
carbonate. 



Precipitate * AcUl- 
albumin. 



Filtrate : Albumose + Peptone. 
Saturate with {NRi)^Oi. 



Precipitate — Albumoses, 
Boil with Barium Carbonate. 



Filtrate : Peptone + (1^4)2804. 
Boil with Barium Carbonate. 



Residue of FiltT&te^ Albumose- Residue of Filtrate = Pe/'/o?w;- 

ttarium Sulphate, solution which can Barium Sulphate, solution containing 

be precipitated by Baryta. Precipitate 

alcohol. peptone by alcohol. 

5. Tests for Albumose (Lesson I. 10). — It is precipitated by 
the following substances : Nitric acid ; acetic acid and NaCl ; acetic 
acid and ferrocyanide of potassium. The precipitates are soluble 
on heating and reappear on cooling. In all these respects it 
diff'ers from peptone. Like peptone, however, it gives the biuret 
reaction, and is not coagulated by heat. 

6. Test for Peptones (Lesson L 10, VI.). 

The following table from Halliburton shows at a glance the chief 
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characters of the final product peptone, and the intermediate 
albumoses in contrast with those of a native proteid like albumin. 



Variety of 
Proteid. 


Action of 
Heat. 


Action of 
Alcohol. 


Action of 
Nitric acid. 


Action of 

(NH4)2S04. 


Action of 
NaHQ+CuSOi. 


Diffusi- 
bUity. 


Albumin. 


Coagu- 
lated. 


^ Then coagu- 
lated. 


^ In cold, not 
readily 
soluble on 
heating. 


Precipitated. 


Violet colour. 


NU. 


Proteoses 
(Albumoses). 


Not coagu- 
lated. 


^ But not 
coagulated. 


^ In cold, 
soluble on 
heatinff, re- 
appearing 
on cooling. 


Precipitated. 


Rose-red 
colour 
(biuret re- 
action). 


Slight 


Peptones. 


Not coagu- 
lated. 


^ But not 
coagulated. 


Not pre- 
cipitated. 


Not precipi- 
tated. 


Bose-red 
colour 
(biuret re- 
action). 


Great. 



(The ^ indicates precipitated.) 

7. Action of Grastric Juice on Milk. 

(a.) Mix 5 cc. of fresh milk in a test-tube with a few drops of 
neutral artificial gastric juice ; keep at 40** C. In a short time the 
milk curdles, so that the tube can be inverted without the curd 
falling out. By-and-by whey is squeezed out of the clot. The 
curdlmg of milk by the rennet ferment present in the gastric juice 
is quite diff'erent from that produced by the "souring of milk," 
or by the precipitation of caseinogen by acida Here the casein 
(carrying with it most of the fats) is precipitated in a neutral fluid. 

(h.) To the test-tube add 5 cc. of 0.4 per cent, hydrochloric acid, 
and keep at 40" C. for two hours. The pepsin in the presence of 
the acid digests the casein, gradually dissolving it, forming a 
straw-yellow-coloured fluid containing peptones. The " peptonised 
milk " has a peculiar odour and bitter taste. 

(c.) Peptonised Milk. — To 5 cc. of milk in a test-tube add a 
few drops of Benger's liquor pepticus, and place in a water-bath. 
Observe how the caseinogen first clots, and is then partially dissolved 
to form a yellowish-coloured fluid, with a bitter taste and peculiar 
odour. There generally remains a very considerable clot of casein ; 
and, in fact, the gastric digestion of milk is slow, especially if com- 
pared with its tryptic digestion (Lesson X. 11). Test the fluid for 
peptones with the biuret reaction, and observe the light-pink colour 
obtained. The bitter taste renders milk " peptonised " by gastric 
jtd(5e unsuitable for feeding purposes. 

8. Action of Bennet on Milk. — (Eennin the enzyme.) 

(a.) Place milk in a test-tube, add a drop or two of rennet, and 
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place the tube in a water-bath at 40* C. Clark's commercial rennet 
will do. Rennet is obtained from the fourth stomach of the calf. 
The milk becomes solid in a few minutes, forming a curd, and 
by-and-by the curd of casein contracts and squeezes out a fluid — 
the whey. 

(5.) Repeat the experiment, but previously boil the rennet. No 
such result is obtained as in (a.), because the rennet ferment or 
rennin is destroyed by heat. 

9. Comparison of Mineral and Organic Acids. 

(a.) Take two test-tubes A and B. Place in A 10 cc. of a 0.2 
per cent, solution of hydrochloric acid, and in B 10 cc. of a 2 per 
cent, solution of acetic acid. To both add a few drops of 
oo-Tropseolin dissolved in alcohol The very dilute mineral acid 
in A renders it rose-pink, while the organic acid does not affect its 
colour. Or, what is perhaps a better method, allow a drop of a 
saturated alcohoHc solution to evaporate on a white porcelain slab at 
40° C, and while at this temperature add a drop of the acid solution. 
On evaporation a violet tint indicates an inorganic acid, .005 HCi 
can be thus detected {Langley). It is stated not to be quite a 
rehable test in the presence of certain organic matters. 

(6.) Repeat (a.), but add to the acids a dilute watery solution of 
methyl-violet, and note the change of colour produced by the 
mineral acid. It becomes blue and then green. If a strong solution of 
acid be used, the colour is discharged, but this is never the case 
with the percentage of acid in the stomach. The peptones in 
gastric juice may be precipitated by the previous addition of 10 per 
cent, tannic acid, and then the test can be applied. In the presence 
of proteids in gastric juice it does not give absolutely reliable results. 

(c.) Repeat (a.) with the same acids, but use paper stained with 
congo-red, and observe the change of colour to blackish-blue or 
intense blue produced by the hydrochloric acid. Wash in ether ; 
if the red colour reappears the acid is organic, if not, mineral. 
Organic acids make it violet, not blue. 

(rf.) Fhloro-Glucin and Vanillin {OUnzburg), — Dissolve 2 grams of phloro- 
glucin and i gram of vanillin in 100 cc. alcohol. Mix equal quantities of this 
with the fluid to be tested, and evaporate the mixture in a watch-glass on a 
water-bath. Do not allow the fluid to boil. The presence of HCI is shown 
by the formation of a delicate rose-red tinge or stain, or, if there be much 
hydrochloric acid, of red crystals. This reaction will detect .06 per cent. 
HCI, and is said not to be impeded by organic acids, albumin, or peptone. 
The test is an expensive one. 

(e.) Benzo-Pnrpnrin 6 B. — Use blotting-papers soaked in a saturated waterv 
solution of this fluid and dried. HCI (.4 grm. in 100 cc.) makes them dark 
blue, while organic acids make them brownish-violet. If both HCI and 
organic acids be present, the stain is brownish -black ; but if the stain be 
suspected to be partly due to HCI, wash the paper in a test-tube with 
sulphuric ether, which removes the stain due to the organic acid, leaving that 
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due to the HCl unaffected. The sulphuric ether does not affect the mineral 
acid stain. 

( /■.) Mohr'a Test. — Mix together 2 cc. of a 10 per cent, solution of sulpho- 
cyanide of potassium, 0.5 cc. of a neutral solution of ferric acetate, and 8.5 cc. 
water. Place a few drops of this ruby -red fluid on a porcelain capsule, and 
allow a few drops of the gastric juice to mix with it — a light violet colour at 
the point of contact, and a mahogany brown when the fluids mix. It is less 
sensitive than the aniline tests. 

{g,) Shake up a mixture of dilute HCl and an organic acid, «.^., lactic, with 
ether. Remove the ether, and on evaporating it, it will be found to have 
dissolved the organic acid, but not the mineral one. On this fact is based 
Hichet's method of determining the amount of an organic acid in presence of 
a mineral acid. 

These reactions for a mineral acid are specially to be noted, as 
they are used clinically for ascertaining the presence or absence of 
hydrochloric acid, e.^., in a vomit. This acid is frequently absent 
from the gastric juice in cancer of the stomach. In gastric catarrh 
the HCl may be greatly diminished and lactic acid abundant. The 
presence of peptones interferes with the delicacy of some of these re- 
actions. The reactions (c), ((/.), (e.), are the most to be depended on. 

10. Garbolo-Chloride of Iron Test for Lactic Acid (i7i^eZ?nann).— Prepare 
a fresh solution by mixing 10 cc. of a 4 per cent, solution of carbolic acid with 
20 cc. of distilled water, and i drop of liauor ferri perchloridi. The 
amethyst-blue solution thus obtained is changed to ydlow by lactic acid, while 
it is not affected by 0.2 per cent. HCl ; but alcohol, sugar, and phosphate, 
yield a similar reaction. 

A faintly yellow-coloured solution of ferric chloride (2-5 drops to 50CC. w^ater) 
is not affected by the addition of HCl, acetic, or butyric acid, but it is inten- 
sified in the presence of dilute lactic acid. 



ADDITIONAL EXERCISES. 

[Proteids, e,q.^ albumin, are split up by certain acids and ferments, as 
shown by Kiihne, into an anti-group ana a hemi-group. In the case of 
ferments, the following scheme represents the results : — 

Action of Enzymes (Ferments), 
Albumin. 



00 .|H 

o a 
•ft 

4- 




Anti-albumose. Hemi-albumose. 



Anti-peptone. Anti-peptone. Hemi-peptone. Hemi-peptone. 
Ampho-peptone. 





o 

^§ 

BB' 

m 

CD 
P 



Leucin, Tyrosin, Leucin, Tyrosin, 
&c. &o. 
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The anti-gronp is not further split up, but the hami-gronp, althonah not 
split up by peptio dieeBtion, is split up by trjptic digestion into leuciQ, 
tjiosin, and other |iroduct3. 

The Bnhstance hitherto called hemi-albumaae has been shown by Eiihns 
to consiat of three sibumoses, riz., prato-albumoae, betero-nIbiimoHe, and 
dentsTD-albamoae. The first two are precipitatsd by NaCl, and the last bj 
NaGI and nootie acid. For separation of these bodies — ^which can be obtained 
moat easily from Witte's popton 



11. To Freparo Albumose and Oaetric Peptones in Quantity. ■ 

(a.) Place 10 grams oi frsah, well-washed, emressed fibrin in a porcelain r 
capsule, cover it with 3000c. of 0.2 por cent. hyMocblorio ajiid. and Keep the 
whole at 40° C. in a water-bath unti] the whole ot 
tbe fibrin ts so swollen up as to become converted 
into a perfectly clear, jelly-like mass, and it becomes 
so thick that a glass rod ifl supported erect in it. 

(*-) Add I or 2 EC- of glycerin pepsin extract or 
the artigcial gastric juice, 1 (<:.). and stir the mass. 
Within a few minutes the whole becomes Quid. 

(';.) After a short time — fifteen to twenty minutes 
— before the peptonisation is complete, filter and 
exactly neutralise the filtrate with ammonia or 
caustic soda, which precipitates tbe acid olbmnln 
with a small quantity of tbe alfaumoses. Filter ; 
the filtrate contains the albmnoses, which can be 
precipitated by saturation with crystals of neutral 
ammonium sulphate. To get rid of this salt the 

Srecipitate must be dialysed in a Kiibne's dialyser 
le. 43H 

12. Comparative Digestive Power of Fepsiiu, 

e.v,. the vaiious pepsins found in the market, or 

^' ^* r of glyce ' 

J well-wasl 
boiled fibrin, and stain it with ammoniacal ei 
(24 hours). Wash thorouglily and preserve nnder 
ether. Place in the requisite number of beakers 
, ..—irmiDB^ DlBlrser '^ P^'^ cent HCl., equal amounts of the carmine 
Aiarchment tube, Bu^ag B^irin, and then add the pepsin whose strength 
ti OHd for uniageB. is sue- is to be tested; keep at 40' C. As the Shrin is 
Ti^*"'ta'^?"k"'r"'*''' digested the carmine ia set free, ho that the most 
WuiSiyfloSng, ™"" deeply -stained liquid contains the most active 




pepsin (Orfitstier'a Hd/iod). 



IB. Albnmoees. — Dissolve Witte's peptone in 10 per cent, sodium chloride 
Bolntion and filter. This solution does not coagulate on heating, but gives 
the ordinary proteid reactions, together with biuret and nitric acid teats 
(Lesson L). 

(n.) Saturate tbe solution with (NH,]^Oj = precipitate of albmnoset. 
Filter. The peptone is in the filtrate and can be precipitated by alcohol. 

lb.) Dialyse another jrartion of the solution; litdTn-allnimiisB ie precipitated. 

(c.) Faintly acidify another portion of the solution, and then saturate it 
with sodium chloride — precipitate of proto-albumose and hetero-albumose. 
Filter. The filtrate contains the deutero-alhumose and peptone. Precipitate 
tbe lituiera-alb-ajnosi by saturating with ammonium sulphate. 
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14. Ohemical Examination of the Gastrio Oontents, e,g,, Vomit. 

(a.) Test the reaction. 

(b,) Determine the acidity {e.g,y of lo cc.) by means of a deci-normal solution 
of caustic soda. (See "Urine.") 

(c. ) Test lo cc. for the presence of pepsin (digest with fibrin and HCl), and 
rennet (milk). 

(d.) Use the tests 9 ((?.), (d.), («.), for determining the presence of free 
HCl. 

{e. ) Make a rough estimate of the presence of lactic, butyric, and acetic acids 
by the method 9 (g.). 

(/.) Examine for proteids, e,g,f albumin, albumoses, and peptone. 

Ig, ) Test for sugar and its digestive products. 

(A.) Distil some of the fluid, extract the remainder with sulphuric ether, and 
in the latter estimate the lactic acid which it contains. 

(i.) Test Meal. — When it is desired to know if digestion is normal a 
test-meal is given. Ewald recommends a roll of stale bread taken on an 
empty stomach, with tea or water. After an hour the contents of the stomach 
are pumped out by means of a stomach pump, and examined as above. 



LESSON X. 



PANCREATIC DIGESTION. 

1. Preparation of Artificial Pancreatic Juice. 

(a.) Mince a portion of the pancreas of an ox twenty-four hours 
after death, rub it up with well- washed fine sand in a mortar, and 
digest it with cold water, stirring vigorously. After a time strain 
through muslin, and then filter through paper. The filtrate has 
digestive properties, chiefly upon starch. Instead of water, a more 
potent solution is obtained by digesting the pancreas at 40** C. for 
some hours with a 2 per cent, solution of sodic carbonate. To pre- 
vent the putrefactive changes which are so apt to occur in all 
pancreatic fluids, add a Httle 10 per cent, alcoholic solution of 
thymol. 

(b.) Make a glycerin extract of the pancreas (pig) in the same 
way as described for the stomach (Lesson IX. 1, h). Before 
putting it in glycerin, it may be placed for two days in absolute 
alcohol to remove all the water. The glycerin extract acts on 
starch and proteids. 
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(r.) For most experiments use the "liquor pancreaticus " of 
Benger, or of Savory & Moore, or Burroughs, Wellcome & Co. 

{d,) Weigh the pancreas taken from a pl^ just killed, rub it up with sand in 
a mortar, and add i cc. of a i per cent, solution of acetic acid for every gram 
of ]mncreas. Mix thoroughly, and after a quarter of an hour add lo cc. of 
glycerin for every gram of pancreas. After five days filter off the glycerin 
extract. The acetic acid is added to convert the unconverted ''zymogen" 
into trypsin. 

(g.) Eiihne'B Dry Pancreas Powder. — This is obtained by thoroughly 
extracting a pancreas with alcohol and ether, and drying the residue. The 
extraction must be done in an ether fat-extracting apparatus; and as the 
process is somewhat tedious, it is better to buy the substance. It can be 
obtained from Dr. Griibler of Leipzig. Extract the dry pancreas powder with 
five parts of a .2 per cent, solution of salicylic acid, and keep it at about 40" C. 
for eight or ten hours. Use 20 grams of the dry pancreas to 100 cc. of 
salicylic acid fluid. Strain it through muslin, and press out all the fluid 
from the residue. The hands must be well washed, as pancreatic digests are 
so liable to undergo putrefaction. It is well to cover tne vessel with paper 
moistened with an alcoholic solution of thymol. A dense, tough, elastic 
residue is obtained. Re-extract the latter for several hours at 90° C. with 
sodic carbonate solution (.25 per cent.), adding a few drops of alcoholic solu- 
tion of thymol, h ilter the first extract and allow it to stand. Very probably 
a large mass of crystals of tyrosin will separate. Filter off the deposit and 
mix the salicylic and alkaline extracts. The extract has only proteolytic pro- 
perties. I find this extract acts much more energetically than those prepared 
in other ways. What remains after the action of salicylic acid and sodic car- 
bonate contains leucin and tyiosin. 

I 

(/.) Solution of Pancreatic Enzymes. — Apart from the fat-splitting ferment 
or enzyme, the other ferments are readily extracted from the gland — under 
certain conditions by (i.) rfycerin, (ii.) saturated waterjr solution of chloro- 
form {Roberts)^ but the chloroform extract interferes with the reaction for 
grape-sugar. Harris and Gow.find that a saturated solution of common salt 
extracts all the pancreatic enzymes (save the fat-splitting). Roberts found 
that by extracting the pancreas with a solution containing a mixture of 
boracic acid and borax a serviceable extract was obtained. 

2. I. Action on Staxch (Amylopsin the ferment). 

(cr.) To thick starch mucilage in a test-tube add glycerin extract 
of pancreas or liquor pancreaticus, and place it in a water bath at 
40° C. Rapidly the starch paste becomes fluid, loses its opal- 
escence, and becomes clear. Within a few minutes some of the 
starch is converted through intermediate stages (p. 69) into 
maltose. Test for sugar (Lesson III. 8, V.). 

(6.) Pancreatic Juice and Bile. — Eepeat A, but add a little bile, 
the starch disappears more quickly. Prove by testing on a white 
porcelain slab, as in Lesson YIII. 4. 

8, The same conditions obtain as for saliva (Lesson Till. 5). 
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4. II. Proteolytic Action and its Conditions (Trypsin the fer- 
ment). 

(a.) Half- fill three test-tubes A, B, C, with i per cent, solution 
of sodium carbonate, and add 5 drops of glycerin pancreatic extract 
or liquor pancreaticus in each. Boil B, and make C acid with dilute 
hydrochloric acid. Place in each tube an equal amount of well- 
washed fibrin, plug the tubes with cotton-wool, and place all in a 
water-bath at 40" C. 

(h.) Examine them from time to time. At the end of one, two, 
or three hours there is no change in B and C, while in A the fibrin 
is gradually being eroded, and finally disappears, but it does not 
swell up, the solution at the same timtf becoming slightly turbid. 
After three hours, still no change is observable in B and C. 

(c.) FUter A, and carefully neutralise the filtrate with very 
dilute hydrocliloric or acetic acid = a precipitate of alkali-albmnin. 
Filter off the precipitate, and on testing the filtrate, peptones are 
found. The intermediate bodies, the albumoses, are not nearly so 
readily obtained from pancreatic as from gastric digests. 

(d.) Filter B and C, and carefully neutralise the filtrates. They 
give no precipitate. JNTo peptones are found. 

{e. ) Test the proteolytic power of an extract of Kiihne's " pancreas powder " 
(Lesson X., i, e). For this purpose the salicylic and alkaline extracts are 
mixed with well-washed fibrin and digested at 40** C. for ten hours or longer. 
The vessel is covered with thymolised paper. Strain through linen and 
then filter. Test the digest for peptones. It is difficult to get any albumoseB 
after this time ; the anti-albumoses are already converted into anti-peptones, 
the hemi-albumose into hemi-peptone, and some of the latter is decomposed 
into leucin and tyrosin. 

As putrefaction takes place with great rapidity in pancreatic 
digests, it is essential to prevent this either by the addition of an 
alcoholic solution of thymol or chloroform water (5 cc. chloroform 
to I Htre water). To get satisfactory results it is better to do it on 
a somewhat larger scale (Salkowski), 

Tryptic Digestion. 

50 grams fibrin + 200 cc. alkaline (carbonate of soda i per cent.) chloroform 
water + liq. pancreaticus digested for 36 hours ; then boil and filter. 



I I 

Residue ; coagulated Filtrate (A) (reaction with bromine) 

Proteio. concentrated by evaporation 

and allowed to stand. 

I 

I ^1 

Deposition (B) of Filtrate (0) further 

Tyrosin. concentrated ; Leucio. 
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5. Products other than Peptones. — Lencin (CeH^gNOj) and 
Tyrosin (C^HuNOj). 

(a.) Place 300 cc. of a i per cent, solution of sodic carbonate in 
a flask, add 5 grams of fibrin, 5 cc. of glycerine extract of pancreas, 
and a few drops of an alcoholic solution of thymol. Keep all at 
38* C. on a water-bath for ten to sixteen hours, shaking frequently. 
After sixteen hours take a portion of the mixture, filter, and to the 
filtrate cautiously add dilute acetic acid to precipitate any alkali- 
albumin that may be present in it. Filter, and evaporate the 
filtrate to a small bulk, and precipitate the peptones by a consider- 
able volume of alcohol. Filter to remove the peptones, and eva- 
porate the alcoholic filtrate to a small bulk, and set it aside, when 
tyrosin and leucin separate out. Keep them for microscopic examin- 
ation (figs. 44, 79). 

(b.) A much better method of obtaining leucin and t3rrosm is to 
digest, at 40° C, for twenty-four to thirty-six hours, equal parts of 
fresh moist fibrin and ox-pancreas in i litre of i per cent, sodium 
carbonate solution to which some thymol has been added, or, an 
ox-pancreas is digested in the same way, the white of an egg being 
added every ten hours (Digest A). Make another digest; but 
do not add thymol. Digestion and putrefaction take place, the 
latter causing a most disagreeable smell (Digest B). Filter the 
digest A, and to some of it add Millon's reagent, which precipitates 
any albumin. Filter, boil the filtrate, a red colour indicates tyrosin. 

Concentrate some of the filtered digest A by boiling it to a small 
bulk on a water-bath. After several hours examine a drop micro- 
scopically for leucin and tyrosin. Precipitate the peptones in some 
of the filtered digest A by alcohoL Filter. Concentrate the filtrate 
on a water-bath, when a sticky deposit of leucin is formed. 

The digest A yields the chlorine or " bromine reaction." 

The digest B is to be used for testing for the products of putre- 
faction. 

(c.) Examine the crystals of leucin and tyrosin microscopically 
(figs. 44, 79). The former occurs as brown balls, often with 
radiating lines, not unlike fat, but much less refractive, and the 
latter consists of long white shining needles arranged in sheaves 
or in a stellate manner, or somewhat felted. (See " Urine.") 

(d,) Test for Tyrosin (Hofmann). — Dissolve some crystals by 
boiling them in water, add Millon's reagent, and boil, wluch gives 
a red colour. The deposit which is sometimes formed in Benger's 
liquor pancreaticus consists of tyrosin. 

(«.^ Test a solution of t^jrrosin. obtained by the prolonged boiling of horn 
shayings and sulpharic acid, with Millon's reagent as in [d.). 
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Indol fa one of the many piit.r<<fautivo jiroducts of the decoin position of pro- 
teids. Take eqiisl parts of fresh fibrin and finelj-dividwi ox-jiannresa, »dd 
ten times the Tolume of water, and keep tlie whole continuouelf at a tempera- 
ture of 40° C. for three or four d&ys. Intenseij disagreeable -smelling Raies 
are given off. Strain through linec, acidulate (noetic acid), and distil the 
filtrate. The filtered distillate is made alkaline by RHO or NaHO, and 
ahaken thoroughly with its own volume af ether. Distil the ether, and thsoUy 
substance which remains behind, on being dissolved in water, is allowed to 
crystallise. The solution yields the following tests. 

Tests for Indol, — Use either tL« watery solution of indol or the 
filtered offensive-smelling fluid before it is distilled. 

(a.) Warm the liquid, and add first a drop or two of dilute 
sulphuric acid to some of the filtered liquid, and then a I'ery dilute 
niMIe solution. A red colour indicates the presence of indol. This 
test is very readily obtained with the ptoditcta of digestion by 
Kuhne'e dry pancreas (Lesson X. 1, e). One must be careful to 
regulate the strength of tba acid, as too strong nitrons acid prevents 
the reaction. 

(i,) Acidify strongly with liydrochloiio acid a small quantity of the highly 
offensive fluid or the watsry solution, and place in it a shaving of wood, or a 
wooden match with its head renjoved and soaked in strong hydrothloric acid. 
The match is coloured red, souietinies even an tutt<tise red. The matoh con be 
dried, and it keeps its colour for a long time, although the colour darkens 
and becomes somewhat duskier on drying. 

(c.) Chlorine Reaction. — Add to some of the digestive fluid (5, 
b, preferably digest B), drop by drop, chlorine water ; it strikes 
a rosy-red tint. Or add very dilute bromine water (i to 2 drops 
to 60 cc. water), the fluid first becomes pale red, then violet, and 
ultimately deep violet (Kiihne). 

7. III. The Action on Fats is Twofold. 

(A.) EmtUsification. 

(a.) Riib up in a mortar which lias been warmed in warm water 
a httle olive-oil or melted lard, aad some pieces of fresh pancreas. 
A creamy persistent emulsion is formed. Examine the emulsion 
under the microscope. Or use a watery extract of the fresh pan- 
creas, and do likewise ; but in this case the result will not he nearly 
HO satisfactory. 
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{b,) Rub up oil as in (a.) ; but this time use an extract of the fresh pancreas 
made with i per cent, sodic carbonate. A vei*y perfect emulsion is obtained, 
even if tho soaic carbonate extract is boiled beforehand. This shows that its 
emulsifying power does not depend on a ferment. 

(f. ) The presence of a little free fatty acid greatly favours emulsification. 
Take two samples of cod-liver oil, one perfectly neutral (by no means easily 
procured), and an ordinary brown oil— e.g., De Jongh's. Tne latter contains 
mucli free fatty acid. Place 5 cc. of each in two test-tubes, and pour on them 
a little solution of sodic carbonate (i per cent.). The neutral oil is not 
emulsified, while the rancid one is at once, and remains so. Many oils that 
do not taste rancid cor.tain free fatty acids, and only some of them give up 
their acid to water, just according as the fatty acid is soluble or not in water. 

8. (B.) The Fat-Splitting Action of Pancreatic Juice (Steapsin 
or pialyn, the fennent). 

{a.) Prepare a Perfectly Neutral Oil. —A perfectly neutral oil is required, 
and as all commercial oils contain free fatty acids, they must not be used. 
Place olive or almond oil in a porcelain capsule, mix it with not too much 
baryta solution, and boil for some time. Allow it to cool. The unsaponiiied 
oil is extracted with ether, the ethereal extract sejiarated from the insoluble 
l)ortion, and the ether evaporated over warm water. The oil should now be 
perfectly neutral {Krukenberg), 

{h.) Mix the oil with finely- divided, perfectly fresh pancreas (not a watery 
extract), and keep it at 40** C. After a time its reaction becomes acid, owing 
to the formation of a fatty acid. This experiment is by no means easy to per- 
form, and some observers deny altogether the existence of a fat-splitting 
feiment. The free &tty acids tnus liberated unite with the alkaline bases of 
bile, and form soaps. 

9. IV. Milk-Curdling Ferment. 

(a.) Add a drop or two of the brine extract of the pancreas pre- 
pared for you to 5 cc. of warm milk in a test-tube, and keep it at 
40" C. Within a few minutes a solid coagulum forms, and there- 
after the whey begins to separate. 

(/>.) Repeat (a.), but add a grain or less of bicarbonate of soda to 
the milk. Coagulation occurs just as before, so that this ferment 
is active in an alkaline medium. 

(c.) Boil the ferment first. Its power is destroyed. 

10. Action on Milk. 

(a.) Place cow's milk diluted with 5 volumes of water in a test- 
tube, add a drop or two of pancreatic extract or liquor pancrea- 
ticus. Keep at 40* C. for half an hour. The caseinogen is first 
curdled and then dissolved, and as this occurs, the milk changes 
from a wliite to a yellowish colour. 

(6.) Divide (a.) into two portions, A and B. To A add dilute 
acetic acid ; there is no precipitation of caseinogen, which has been 
converted into peptones. To B add caustic soda and dilute copper 
sulphate, which give a rose colour, proving the presence of peptones. 
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11. To Feptonise Milk.-— A pint of milk is diluted with a 
quarter of a pint of water, and heated to a lukewarm temperature, 
about 140** F. (60" C). Or the diluted milk may be divided into 
two equal portions, one of which may be heated to the boUing- 
point and then added to the cold portion, the mixture will then be 
of the required temperature. Two tea-spoonfuls of liquor pancrea- 
ticus, together with about fifteen grains, or half a level tea-spoonful, 
of bicarbonate of soda, are then mixed therewith. The mixture is 
next poured into a jug, covered, and placed in a warm situation to 
keep up the heat. In a few minutes a considerable change will 
have taken place in the milk, but in most cases it is best to allow 
the digestive process to go on for ten or twenty minutes. The 
gradually increasing bitterness of the digested milk is unobjection- 
able to many palates ; a few trials will, however, indicate the limit 
most acceptable to the individual patient ; as soon as this point is 
reached, the milk should be either used or boiled to prevent further 
change. From ten minutes to half an hour is the time generally 
found sufficient. It can then be used Hke ordinary milk. 



ADDITIONAL EXERCISES. 

12. Preparation of Indol. — Place i kilogram of fresh fibrin in a 6-litre jar 
with 4 litres of water (to which i gram KH2PO4 and .5 gram MgS04 are 
added). Mix this with 200 cc. cold saturated solution of sodic carbonate, and 
add to the whole a quantity of putrefying flesh-juice and some pieces of the 
putrid flesh as well. Cork the vessel, a vent-tube being placed in the cork, 
and place it aside for 5-6 days at a temperature of 40-42° C. Distil and 
acidify the strongly ammoniacal distillate with HCl, add some copper 
sulphate, and filter. Shake up equal volumes of the distillate and ether in a 
separation funnel. Allow the filtrate to settle, run it off, add some fresh 
filtrate, and shake again with the same ether. Distil the ethereal extract to 
about one-fourth of its volume, shake up the residue very thoroughly with 
caustic soda (to remove phenol and traces of acids). Distil the ether, and 
after the addition of caustic soda distil the oily indol. The distillate is shaken 
up with ether, and the ethereal extract is evaporated at a low temperature, 
when crystals or plates of indol separate. This preparation usually contains 
some skatol. (Drechsel after Salkowski.) 



Some Nitrogenous Dekivative^of the Foregoing. 

18. Leucin or o-Amido-isobutylacetic acid, C6H,sN02-2fCH3)CH— CH2— 
CH(NH2)C0.0H, and Tyrosin or Paraoxyphenyl-a-Amidopropionic acid, 

C^iiNOs - C6H4 < Q^ (NH2)C0.0H.— These two bodies are obtained 

together from nearly all proteids when the latter are decom^sed by the action 
of acids. The former belongs to the fatty bodies, and tyrosin to tne aromatic 
group, and is a derivative of benzene (CgHe). 
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Preparation of Leudn and Tyrocdn. — Place 2 parts of horn shaTings 
(i-i kUo.) in a mixture of 5 parts of concentrated sulphuric acid and 13 parts 
of water. Boil for twenty-four hours in a vessel placed in connection with a 
condenser. Add thin milk of lime until a feebly sikaline reaction is obtained, 
filter through flannel, re-extract the residue with water, mix the filtrate and 
washings and slightly acidulate them with oxalic acid. Filter to remove the 
oxalate of lime, and evaporate the filtrate until a scum forms on the surface. 
Cool and repeat the evaporation process until crystallisation ceases to take 

place in the mother-fluid. Collect the 
mass of crystals, dissolve them in boiling 
water with the addition of ammonia, and 
add lead acetate until the resulting pre- 
cipitate is no longer brown, but becomes 
white. Filter, acidulate the acid filtrate 
feebly with dilute sulphuric acid, filter ofi 
the lead sulphate and allow the fluid to 
cool, when tyrosin in an almost pure form 
crystallises out. 

The mother-liquor, freed from tyrosin, is 
treated with sulphuretted hydrogen to get 
rid of the lead, filtered, evaporated, and 
boiled for a few minutes with freshlv 
precipitated hydrated copper oxide, which 
F1G.44.— Crystals and Sheaves of Tyrosin. forms a dark blue solution. The latter, 

when filtered and evaporated, vields blue 
crystals and an insoluble compound of leucin-copper oxide. This deposit and 
the crystals are decomposed in water by H2S-solution, the filtrate when 
necessary decolorised by boiling with animal charcoal, again filtered and 
evaporated to crystallisation, when leucin crystallises out It is obtained 
pure by recrystsJlisation from boiling alcohol (Drecksel), 




14. Tsrrosin is insoluble in alcohol and in 1000 parts of cold water. 

(a.) Observe microscopically its crystalline form, as fine long silky needles 
arranged in sheaf-like bundles (fig. 44). 

(6.) Boil a hot watery solution with Millon's reagent (avoid excess) « a red 
colour {Hoffmanns test). 



16. Leucin. — (/».) Under the microscope observe it in the form of brown 
balls, with radiating and concentric lines it it is impure ; and, when it is 
pure, as white shining lamellte, with a fatty glance. It is soluble in 27 parts 
of cold water, and much less soluble in alcohd. 

{b,) Heated in a tube it sublimes unchanged in very fine clouds with the 
odour of amylamine. A part is decomposed into CO2 and C^n'S (amylamine). 
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LESSON XI. 

BILE. 

1. Use ox-bile obtained from the butcher, and, if possible, human 
bile. 

(a.) The colour in man is a brownish-yellow, in the ox greenish, 
but often it is reddish-brown when it stands for a short time. 
Note its bitter taste, peculiar smell, and specific gravity (loio- 
1020). 

(b.) It is alkaline or neutral to litmus paper. 

(f.) Pour some ox-bile from one vessel to another, and note that 
strings of so-called mucin connect one vessel with the other. 

(d,) Acidulate bile with acetic acid, which precipitates mucinoid 
substance coloured with pigments. Filter off this precipitate. Test 
the filtrate. 

'e,) It gives no reactions for albumin. 

/'.) Add hydrochloric acid and potassic f^ocyanide. A blue 
colour indicates the presence of iron. Test for chlorides and other 
salts. 

(g,) Fresh human bile gives no spectrum, although the bile of 
the ox, mouse, and some other animals does. 

2. Bile-Salts or Bilin (glycocholate and taurocholate of sodium). 
(a.) Concentrate ox-bile to one-fourth of its bulk, mix with 

animal charcoal in a mortar to form a thick paste. Evaporate to 
complete dryness over a water-bath. 

(h.) To the dry charcoal-bile mixture, add five volumes of abso- 
lute alcohol. Shake the mixture from time to time, and after half 
an hour filter. To the filtrate add much ether, which gives a 
white precipitate of the bile-salts. If no water be present, some- 
times the bile-salts are thrown down crystalline; but not unfre- 
quently they go down merely as a milky opalescence, which quickly 
forms resinous masses. It is best to allow the mixture to stand 
for a day or two, to obtain the glancing needles which constitute 
Flattner's Crystallised Bile. 

Scheme for Bile-Salts, etc. 

200 cc. of ox-bile, dried, mixed with animal charcoal, are extracted with 
absolute alcohol by the aid of heat : filter. 

Z Lj 

Residue, mudn. Alcoholic solution treated with 

pigments, s^ts, charcoaL ether. 

Precipitate, Solution contains 

BiU'Salti, ChoUsterin. 
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3. Fettenkofer^s Test for Bile-Acids (Salts) and Cholic Acid. 

(a.) To bile in a test-tube, add a drop or two of syrup of cane- 
sugar. Pour in concentrated sulphuric acid, at the line of junction 
of the two fluids a purple colour is obtained. Furfuraldehyde is 
formed from the action of sugar and sulphuric acid, and the purple 
compound is due to the aldehyde compound with cholaUc acid. The 
white deposit seen above the line of junction is precipitated bile- 
acids. They are insoluble in water. 

(J),) A better way of doing the test is as follows : — After mixing 
the bile and syrup, shake the mixture until the upper part of the 
tube is filled with froth. Pour sulphuric acM down the side, and 
a purple-red colour is struck in the froth. 

{c.) Make a film of bile on a porcelain capsule, add a drop of syrup 
of cane-sugar, and then a drop of sulphuric acid = purple colour. 

(«?.) Or. after mixing the syrup with the bile, add the strong sulphuric acid 
drop by drop, mixing it thoroughly. Heat gently, and the fluid becomes a 
deep purple colour. T|^e care not to add too much syrup, and not to over- 
heat the tube. If the requisite amount of sulphuric acid be added, the tem- 
perature becomes sufficiently high (70* C.) without req^uiring to heat the tube. 

{e,) Strassborger's Modification [e.g., for bile in urine). — To the urine add 
a little syrup and mix. Dip filter-paper into the fluid and dry the paper. 
On placing a drop of sulphuric acid on the latter, after some time a purple 
spot which has eat«n into the paper is observed. 

(/.) Repeat any or all of the above processes with a watery solution of the 
bile-salts and with acid albumin. 

{g, ) In place of sugar fiirfurol {MyliiLs) may be used. Add i drop of fur- 
furol solution (i per 1000) and i cc. of concentrated H2SO4. 

4. Similar purple colour reactions are obtained with many other sub- 
stances — e.g, , albumin and a-naphthol, but the spectra differ somewhat. 

Albumin and Sulphuric Acid. — To a solution of acid-albumin and syrup 
add strong sulphuric acid, a similar tint is obtained. The spectra, however, 
are different, the red-purple fluid from bile gives two absorption -bands, one 
between E and F, and another between D and E. In the albuminous solu- 
tions only one absorption-band exists between E and F. 

5. Action of Bile or Bile-Salts in Precipitating Sulphur. 

(a.) In one beaker (A) place diluted bile and in the other (B) water. Pour 
flowers of sulphur on both. The sulphur falls in a shower through the fluid 
of A, while none passes through B. 

(b,) Test to what extent bile may be diluted before it loses this property, 
which is due to the diminution of the surface tension by the bile-salts {M. Hay). 

(c.) Repeat with a solution of the bile salts. 

Bile-Pi^ents.— The chief are bilirubin (red), biliverdin (green), 
and urobilin. 

6. Gmelin's Test for Bile-Figments. 

(a.) Place a few drops of bile on a white porcelain slab. With 
a glass rod place a drop or two of strong nitric acid containinn 
nitrous acid near the drop of bile, bring the acid and bile into 
contact. Notice the play or succession of colours, beginning with 
green and passing into blue, red, and dirty yellow. 
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(b.) Place u little impure nitric acid in a teat-tube. Slant the tube and 
pour in bile, a similar plaj of colours occuis — green above, blue, red, and 
yellow below. It is better to do this reactiao alter removal of the mucin bj 
acetic acid (LesBon XI. I, d). Or add the nitric acid, and shake after the 
addition of every few drops ; the successive colours from green to yellow are 
obtained in great beauty. For a modification applicable t« urine, see " Urine." 

(c.) To graen bile + amm. sulphide and shake — reduction to bilirubin. 

(•'.) To yellow bila + KHO and heat, acidnlaU with HCl - green due to 
oxidation of bilirubin. 

7. Cbolesterin and (Tall-Stones. 

(".) Fteparatou. — Powder a gall-stone and extract it with etlier 
or boiling alcoIioL Heat the test-tube in warm water, and see that 
no gas is burning near it. Drop the aohition 
on a glass-slide, and examine tlie crystals nucro- 
scopicaDy, Tliey are flat plates, with an obh 
piece cut out of one comer (fig, 45). Ethereal ' 
solution gives needles, but a hot alcoholic solution 
gives the typical plates. 
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iodine ; a play of colours, passing through violet, blue, 
green, red, and brown, occurs. 

(c.) Dissolve crystals in cblorofonn, add an equal 
volnma of amcenirated sulphuric acid, and shake the 
mixture. When the chloroform solution floats on the 
top, it becomes blood red, but changes i|uickly on exposure to the air, passing 
through violet and blue to green and ydlow. A trace of water decolorises 
it at once. The layer of sulphuric acid shows agreen fluorescence. 

(,il.) The crystals when acted on by strong sulphuric acid become red. Do 
tbi» on a slide under the microscope. 

I'..) Examine microscopically crystals of cholesterin found in hydrocele fluid. 
The crystals may not be quite perfect, but their characters, are quite distinct. 

8. Action of Bile in Digestion, 

(1.) Action on Starch,— Test if bile converts starch mucil^e 
into a reducing sugar, as directed for saliva (Lesson VIII,). 

(b.) Action on Fats, — Mix thoroughly 10 cc bile with 2 cc 
almond-oil, and observe both by the naked eye and the microscope 
to what extent emulsion occurs, and bow long it lasts. Compare 
a similar mixture of oil and water. In the former case a pretty fair 
emulsion will be obtained. In the latter the oil and water separate 
rapidly. 

(f, ) Uix 10 cc, of bile with 2 cc. of almond-oil, to which some oleic acid is 
added. Shake well, and keep the tube in a water-bath at 40° C. A very 
good emulsion is obtained. The bile diasolvoa the fatty acids, and the 
latter decompose the salts of the bile-acids ; the bile-acids are liberated, while 
the &tty acid unites with the alkali of the bile-salts to form a soap. The 
soaj) is soluble in the bile, and serves to increase the emulsifying power, as an 
emulsion once formed lasts much longer in a. soapy solution than in water. 
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(d.) Favonn Filtration and Absarption. — Placo two small funnels e 
actly the same size iii s niter -stand, and under each a. beaker. Into each 
funnel Jiul a, tilter-pHj>er ; iiioist^n tlie one vith water (A), and the other witlt t 
bile (B) ; [lotir into both an equal volume of alinond-oil ; caver with a Blip ot.i 
glass to [irevent evapoi'ation. Set Bsidu for twelve hours, atid note that the f 
oil passes through B, but scarcely any through A. I 

(;. ) Effect on the Proteid Products of Gaatric Digeetion. — Digest somfr I 



fibrin in artificial gantrii: jtiicc, filter, and to the (tltrale add drop b; drop.l 
oi-bile, or a soluCioD of bile-salts. It causes a white precipitate or pepton ~ 
and aoid-albamin. The acid ol the gastric juioa splits up the bile-salts, 



that tlie bile-acids are also thrown down. 

(/.) Action on Acid-Albumin. — Prepare acid-albnmin in eolntion (Lesson ■ 
I.), and add a Tew dropsof bile— be careful not t« add too much — or bile-salts^ 1 
This causea curdling of the whole mass. In (e.) and (/. ) it is better tc -" ' 
bile-salts, because free hydrochloric acid gives a precipitate with bile. 

ADDITIONAL EXERCISES. 

9. Prepantitm of Taaria (a-amidosthyl-sulphurio acid C^HiNSOA — I 

Mix ox-bile with an pxvea of strong hydrochloric acid, filter from the slinif 

deposit, and evajmrate ihe mixture — jnst under boiling-point— whereby > 

tough brownish resinous body separ- 

f ates— choloidioic acid. Pour oil the 

^ acid watery fluid, concentrate it still 

further, until the greater part of the 

common salt crystallises out. Mix 

the cold mother-liquid with strong 

alcohol, whereby taurin is jirecipitated 

along with some commoo salt. Wash 

the precipitate with alcohol, dry it, 

and dissolve it in a small quantity ol 

boiliug water. Oa cooling, tauriu 

se;iarates in Ibnr-sided prisms. 

10. Cholesterin. — Boil powdered 
psle gallstones in water, and then 
Tis. 46,— Double- WdII Ed Filter for f Utering extract them with boitins alcohol. 
Hot a,lulii..na. FOter through a double-w^ed filter 

kept hot with boiling water (fig, 46). 
The filtrate on cooling precipitates impure cholesterin. Kecrystallise it from 
boiling alcohol containing potash, wash it with alcohol and water, and 
dry the residue over sulphuric acid (lig. 16]. 

Scheme fur Gall-S/oMs (Salkowski). 
Pcwdeted gall-stones are extracted with ether ; filter. 

\ 

I i 

Solution evaporated 
OhoUnttrin (A). 



Solution (0) iinM *a«». Eaaidue (D) washed with water, 

dried, treated with abloroioTm ; 
Bilinbin. \ 
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LESSON XII. 
GLYCOGEN IN THE LIVER. 

1. Preparation. 

(a.) Feed a rabbit on carrots for a day or longer, or a rat on 
oats, and five or six hours after the last meal decapitate it or kill 
it by bleeding. Rapidly open the abdomen, remove the liver, cut one 
half of it in pieces, and throw it into boihng water slightly acidu- 
lated with acetic acid. Lay the other half aside, keeping it moist 
in a warm place for some hours. After boiling the first portion 
for a time, pound it in a mortar with sand, and boil again. Filter 
while hot. The filtrate is milky or opalescent, and is a watery 
solution of glycogen and other substances. The acetic acid co- 
agulates the proteids, while the boiling water destroys either a 
ferment in the Hver or the liver cells, which would convert the 
glycogen into grape-sugar. 

(/).) Brticke's Method. — Feed a rabbit on carrots, and after 
five or six hours kill it by bleeding. Open the abdomen, rapidly 
remove the liver. Some wash out its blood-vessels with a stream 
of normal saline. Divide it into two portions. Cut one half as 
rapidly as possible into small pieces, and throw the pieces into 
boiling water. 

Boil them, and afterwards pound them in a mortar and boil 
again. Filter while hot, and observe the opalescent filtrate, which 
is a solution of glycogen and proteids. The filtrate should flow 
into a cooled beaker, placed in a mixture of ice and salt. Pre- 
cipitate the proteids by adding alternately hydrochloric acid and 
potassio-mercuric iodide (p. 93), until all the proteids are pre- 
cipitated. Filter oft' the proteids, and the opalescent filtrate is an 
imperfect solution of glycogen. To separate the glycogen. Evapor- 
ate the fluid to a small bulk, and precipitate the glycogen by 
adding 96 per cent, alcohol imtil the solution contains over 60 per 
cent, of alcohol. The glycogen is precipitated as a white flocculent 
powder, which is collected on a filter, washed with alcohol and 
ether, and then dried in an oven at 100' C. (fig. 47). 

(c.) EUlz's Method. — Feed a rabbit for two days on carrots or boiled 
rice. Five or six hours after the last full meal decapitate it, open the 
abdomen, rapidly remove the liver (weigh it), cut it quickly into pieces, and 
throw the latter into a large porcelain capsule (400 cc. water to 100 grams 
liver) of water boiling briskly. Boil the pieces for about half an hour. Re- 
move the pieces, rub them up into a pulp in a mortar (this may be aided by 
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mbbing with wall washed white sand). Replace the pnlp in the boiling water 
slid add 3-4 gcams of caustio polish {'.•■., for 100 grains liver). Heat on a 
water-batn and evaporate until about zo) cc. of fluid remains for loa granu 
liver. If a pellicle furmit on the BurfiM, heat the whole in a beaker covered 
with a watch glaas until the pellicle is dissolved. Allow to coo]. Neutralise 



Filter through a thick filter U 



until no further precipita 

the deposit of pniteids Eemove the deposit froin the Qlter with a spatula, 
and nib it up in a mortar with 'Water containing hydrochloric acid and 
potaasio mercuric iodide, and again filter the pulp. Bepeat this process 
several times to get out all the gljcageo. Mix the filtrates and add 2 volumes 
of 96 per cent, alcoliol, stirring biiskly all the time ; this precipitates the 
glycogen. Allow it to stand in a cool place ibr a night ; filter, and wash the 
precipitate thoroughly, first with 62 per cent, and then with 96 per cent. 




!, reure 
WasI: 



alcohol. Usually the glycogen contains a trace of albumin. To rei 
latter, redlssolve the moist glycogen in warm water, and after coolin^,. 
e!|)itate with HCI and pqtassio- mercuric iodide and proceed as above, 
the glycogen with alcohol and then with ether, and dry it by exposure to the 
■ir. This method gives the most satia&ctory reiult''. 

id.) Instead of a rat or rabbit's liver, use oysters or the edible mussel, and 
prepare a solution of glycogen by methods (a.) or (6.}. 

(e.) Ubb the other half of tlie liver of tlie rat or rabbit that has 
been kept warm, and make a similar extract of it. 

2, Precipitate the Glycogen. —Evaporate tlie filtrate of (a.) or 
[h.) to a smaU bulk, aud precipitate the glycogen aa a white 
powder by adding a large amount of alcohol — at le^t 60 per cent. 
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must be added. Filter; wash the precipitate on the filter with 
absolute alcohol and ether, and dry it over sulphuric acid or in a 
hot-air oven (fig. 47). 

3. Preparation of Potassio-MeTciiric Iodide or Brucke's Beagent. — Pre- 
cipitate a saturated solution of potassio iodide with a similar solution of 
mercuric chloride ; wash the precipitate, and dissolve it to saturation in a hot 
solution of potassic iodide. 

4. Tests for Grlycogen. 

(a.) To the opalescent filtrate add iodine solution = a port wine 
red or mahogany-brown colour (Hke that produced by dextrin). 
If much glycogen be present the colour disappears, and more iodine 
has to be added. Heat the fluid; the colour disappears, but re- 
appears on cooHng. 

N.B.— In performing this test, make tL coTUrol-experimetU, Take two test- 
tubes, A and B. In A place glycogen solution ; in B, an equal volume of 
water. To both add the same amount of iodine solution. A becomes red, 
while B is faint yellow. 

(h,) To another portion add lead acetate = a precipitate (unlike 
dextrin). The solution must be free from proteids and mercuric 
salts. 

('•.) -To another portion add lead acetate and ammonia ; the 
glycogen is precipitated (like dextrin). 

(d.) Test a portion of the glycogen solution for grape sugar. There may be 
none, or only the faintest trace. 

(e.) To a j)ortion (A) of the glycogen solution add saliva or liquor 
pancreaticus, and to another portion (B) add blood, and place both in a 
water bath at 40° C. After ten minutes test both for sugar. (A) will be 
transparent, and give no reaction with iodine. Perhaps both will give the 
sugar reaction; but certainly (A) will, if care be taken that the solution is 
not acid "after adding the saliva. The ptyalin converts the glycogen into a 
reducing sugar. 

(/.) Boil some glycogen solution with dilute hydrochloric acid in a flask ; 
neutralise with caustic soda, and test with Fehling's solution for sugar. 

5. Test the watery extract of the other half of the liver, 
(a.) Perhaps no glycogen reaction, or only a sUght one. 
(/>.) It contains much reducing sugar. 

6. Extract of a Dead Liver. 

(a.) Mince a piece of liver from an animal which has been dead 
for 24 hours. Boil the liver either in water or a saturated solution 
of sodic sulphate. Filter; the filtrate is clear and y^owish in 
tint, but not opalescent. 

(6.) Its reaction is acid to litmus paper. 
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saturated solution of MgS04. Add distilled water, which in presence of the 
MgS04 dissolves the caseinogen, which passes through the filter and is col- 
lected. From the solution of caseinogen in weak MgS04 precipitate the 
caseinogen by excess of acetic acid. To get the caseino^n quite pure it must 
be redissolved in weak alkali or lime water, and precipitated and redissolved 
several times. 

The filtrate after precipitation of caseinogen contains the lactalbumin, and 
can be completely precipitated by saturation with sodium sulphate. It coagu- 
lates between 70'' and 80^ C, and does not seem to be separated into several 
proteids by fractional heat coagulation. 

The fluid contains lactose, salts, and serum-albumin. Filter. 

3. Separation of Caseinogen and Fat by Filtration. — Using a Bunsen's 
pump, filter milk through a porous cell of porcelain. The particulate matters — 
caseinogen and &t — remain behind, while a clear filtrate containing the other 

substances passes through. The porous cell is left empty 
and fitted with a caoutchouc cork with two glass tubes 
tightly fitted into it. One tube is closed with a clip (fig. 49), 
and the other is attached to the pump Place the porous 
cell in an outer vessel containing milk. On exhausting 
the porous cell a clear watery fluid slowly passes through. 
Test it for proteids and sugar. Notice the absence of fat 
and caseinogen. 

4. Souring of Milk. — Place a small quantity 
of milk in a vessel in a warm place for several 
days, when it turns sour and curdles. It becomes 
-3,.^ -, ^ „ acid— test this (Lesson IX. 10) — having under- 

Flo. 49.— Porous Cell ,, 1 x.* • j ^ ^ j.* .1 i i. 

for the Filtration gone the lactic acici lennentation, the lactose 
of Milk. being split up by a micro-organism into lactic acid.. 

5. Butter. — Place a little milk in a narrow, cylindrical, stoppered 
bottle ; add half its volume of caustic soda and some ether, and shake 
the mixture. Put the bottle in a water-bath at a low temperature ; 
the milk loses its white colour, and an ethereal solution of the fats 
floats on the surface. On evaporating the ethereal solution, the 
butter is left behind. 

6. Curdling of Milk. 

(a.) By an Acid. — Place some milk in a flask ; warm it to 40° 
C, and add a few drops of acetic acid. The mass clots or curdles, 
and separates into a solid curd (caseinogen and fat), and a clear 
fluid, the whey, which contains the lactose. Filter. 

(b,) By Eennet Ferment. — Take 5 cc. of fresh milk in a test- 
tube, heat it in a water-bath to 40" C, and add to it a small 
quantity of extract of rennet, or an equal volume of a glycerin 
extract of the gastric mucous membrane, which has been neutral- 
ised with dilute sodic carbonate, and place the tube again tn the 
water-bath at 40° C. 

Observe that the whole mass curdles in a few minutes, so that 
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the tube can be inverted without the curd falling out. By-and-by 
the curd shrinks, and squeezes out a clear slightly-yellowish fluid, 
the whey. Filter. 

(c.) Using commercial rennet extract, repeat (/>.), but boil the 
rennet first ; it no longer effects the change described above. The 
rennet ferment is destroyed by heat. 

(d,) Boil the milk and allow it to cool, then add rennet ; in all 
probability no coagulation will take place. Boiled milk is far more 
difficult to coagulate with rennet than unboiled milk. 

{(\) Take some of the curd of 6 (a.). Dissolve one part in caustic 
soda and the other in lime-water. Add rennet to both, warm to 
40" C. The lime solution coagulates, the soda solution does not. 
(The ferment of rennet has been called rennin.) 

7. The Salts. 

(a.) Using the filtrate of 6 (a.), add magnesia mixture — Lesson 
XVII. 7, (f/.), i.e., ammonio-sulphate of magnesia, which gives a 
precipitate of phosphates. Calcium phosphate is the most abundant 
salt. There is a little magnesium phosphate. 

{b,) Silver nitrate gives a precipitate insoluble in nitric acid, 
indicating chlondes (chiefly potassium and sodium). 

8. Boil milk in a porcelain capsule for a time to cause evapora- 
tion. It is not coagulated, but a pellicle forms on the surface^ 
Remove it and boil again ; another pellicle is formed. 

9. Coagnilation of Milk. — Calcium salts seem to play an important part in 
this process. 

(i.) Halliburton's Method. — Prepare pnre caseinogen by saturating milk 
with powdered MgS04. Allow it to stand for a few hours and filter. Keep 
the filtrate (A). The filter residue consists of caseinogen + fat; wash this with 
saturated solution of MgS04 until the washings contain no albumin. On 
adding water to the precipitate, it dissolves, the fat remaining in the filter. 

Precipitate the solution of caseinogen in weak MgS04 by acetic acid. Collect 
the precipitate on a filter and wash the acid away with distilled water. 
Dissolve the precipitate in lime water, rubbing it up in a mortar, filter =» 
opalescent solution of caseinogen. 

Place some of this opalescent solution of caseinogen in two tubes A and B. 

To A add rennet and keep at 40° C. = no coagulation. 

To B add rennet and a few drops of phosphoric acid (.5 percent.). Heat to 
40° C. —coagulation, i.e., casein is formed from caseinogen in the presence of 
calcic phosphate. 

(ii.) Binger's Method to show the conversion of caseinogen into casein. — 
Precipitate caseinogen ( + fat) with acetic acid. Collect and wash the pre- 
cipitate, and grind it up in a mortar with calcium carbonate. Throw the 
mixture into excess of distilled water. I'he fat floats, the excess of calcium 
carbonate &11b to the bottom, while the very opalescent solution contains the 
caseinogen. Divide the fluid into three tubes A, B, C. Koep all at 40° C. 

To A add rennet —no clot of casein. 
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To B a few drops of lo per cent, solution of calcium chloride —no clot of 
casein. 
To rennet and calcium chloride— dot (^casein. 

10. Opadty of Milk — Vogel's LactoBcope. 

Apparatus required. — A graduated cylindrical cc. measure to hold 200 cc. ; 
a lactoscope, with ]3arallel glass sides, 5 mm. apart (fig. 50) ; a burette finely 
graduatea : a steaiin candle. 
Method. — (a.) Be certain, by microscopical examination, that the milk 

contains no starch, or chalk, or other granular impurity. 
{b,) Mix 3 cc of milk with 100 cc. of water in the 
cylindrical measuring glass. 

(c.) In a dark room place the lactoscope on a table, 
and I metre distant from it a lighted stearin candle. 
Fill the lactoscope with the diluted milk, and look at 
the candle flame through the glass. If the contour of 
Fio. 50.— Lactoscope. the flame can be seen distinctly, pour back the diluted 

milk into the bottle, and add another cc. of milk. Mix 
again. Test the mixture again,* and repeat until, on looking through the 
glass, the outline of the candle-flame can no longer be recognised. Add 
together the quantities of milk used. An empirical table constructed by 
y ogel gives the percentage of fat. 

11. Wheaten Flour. — According to Martin, gluten as such does 
not exist in flour. It appears that the two proteids which it con- 
tains — vegetable myosin and an albumose — when mixed with water 
undergo certain changes, and become converted into the insoluble 
proteid gluten. 

(a.) Grluten. — Moisten some flour with water until it forms a 
tough tenacious dough ; tie it in a piece of muslin, and knead it in 
a vessel containing water until all the starch is separated. There 
remains on the muslin a greyish- white, sticky, elastic mass of 
" crude gluten," consisting of the insoluble albumenoids, some of 
the ash, and the fats. Draw out some of the gluten into threads, 
and observe its tenacious characters. 

(b.) Dry some of the gluten, and heat it strongly in a test-tube ; 
an ammoniacal odour similar to that of burned feathers is evolved. 
Water, which is alkaline (due to ammonia), condenses in the upper 
part of the tube. 

(c.) Extract 10 grams of wheaten flour with 50 cc. of water in 
a large flask. Shake it from time to time, and allow it to stand 
for several hours. Filter. If the filtrate is not quite clear, filter 
again. Heat a part of the clear filtrate, and observe the coagula- 
tion of vegetable albumin, 

(d.) Test another portion of the filtrate from (c.) for the xantho- 
proteic reaction. 

(e.) Another portion of (c.) is to be precipitated by acetic acid 
and ferro-cyanide of potassium. 

(/*.) Test a third portion of (c.) for the rejection with N^HO ^nd 
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CUSO4. This is best seen on slightly heating. Take care not to 
boil the liquid, or the reaction for sugar will be got instead. 

(g.) Extract some wheaten flour with a 10 per cent, solution of 
common salt for twelve hours. Filter, and drop some of the clear 
filtrate into a large vessel of water ; a milky precipitate of a 
globulin is obtained. 

(/?.) On saturating some of the filtered saline extract (g.) with 
powdered NaCl or MgSO^, a precipitate of a globulin is thrown 
down. 

{%,) Fats. — Shake up some wheaten flour with ether in a cylindrical stop- 
pered vessel or test-tube, with a tight fitting cork. Allow the mixture to 
stand for an hour, shaking it from time to time. Filter off the ether ; place 
some of it on a perfectly clean watch-glass, and allow it to evaporate spon- 
taneously, when a greasy stain will be left. 

(j.) The chief salt is potassium phosphate. The watery extract 
gives a yellow precipitate with platinic chloride, showing the 
presence of potassium ; while heating it with molybdate of am- 
monium and nitiic acid gives a canary-yellow precipitate, proving 
the presence of phosphates. 

12. Pea-Meal. 

(a.) Make corresponding watery and saline extracts, and perform 
the same experiments with them as in Lesson XIII. 11, (c), (c?.), 

(«.">, (/), id-), (h.). 

(b,) Observe the copious precipitate on boiling the watery extract. 

(c.) Note specially the copious deposit of globulin on adding the 
saline extract to water, 

13. Bread. 

(a.) Make a watery extract with warm water, filter, and test the 
filtrate. Its reaction is alkaline. 

(b,) Test for starch and sugar. 

(c.) The insoluble residue gives the xanthoproteic and other 
proteid reactions. 



LESSON XIV. 
MUSCLE. 



1. Reaction. 

(a.) Arrange two strips of glazed litmus-paper, one red and one 
blue, side by side. Pith a frog ; cut out the gastrocnemius, remove 
as much blood as possible, divide the muscle transversely, and 
press the cut ends on the litjnus-paper ; a faint blue patch is \jt<v 
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duced on the red paper, showing that the muscle is alkaline during 
life. The blue paper is not affected. 

{b.) Test the reaction of a piece of butcher's meat ; it is intensely acid, due 
to sarco-lactic acid. 

(<;.) Dip the other gastrocnemius into water at 50** C. until rigor eeUoris 
sets in. Test its reaction ; now it is acid, 

{'I,) Boil some water, and plunge into it any other muscle of the same 
frog ; it is alkaline, 

\t\ ) Tetanise a muscle for a long time ; its reaction becomes acid. 

2. Watery and Saline Extracts. 

(a.) Mince some perfectly fresh muscles from a rabbit or dog. 
Extract with water, stirring from time to time. After half an 
hour, pout off, and filter the watery extract. Re-extract the 
remainder with water until the extract gives no proteid reactions. 
For the purposes of this exercise, half an hour is sufficient. Keep 
the filtrate, which contains the substances soluble in water. 

(h.) Take some perfectly fresh muscle from a rabbit, rub it up 
with sand in a mortar, and extract it with a large volume of 13 
p.c. solution of ammonium chloride, or 10 p.c. NaCl, or 5 p.c. 
MgSO^. Stir occasionally, and allow it to extract for an hour. A 
stronger extract is obtained if it be left untU next day. Pour off the 
fluid, keep it, as it contains the substances soluble in saline solutions 
—the globulins. 

3. With the filtrate of 2 (a.)— 

(a.) Test for proteids, e,g,, serum-albumin. 

{h.) Test the coagulating point of the proteids it contains (45' 
and 75* C). 

(r.) Add crystals of ammonium sulphate to saturation, which 
precipitates all the proteids. 

4. With the filtrate of 2 (b,)— 

(a.) Pour a few drops into a large quantity of water ; observe 
the milky deposit of myosinogen. The precipitate is redissolved 
by adding a strong solution of common salt. 

{b.) Test the coagulating point. Four proteids are coagulated 
by heat at 47", 56°, 63", and 73* C, an albumose being left in 
solution. 'J he fluid is acid in reaction. 

(c.) Saturate the filtrate with crystals of sodic cliloride or 
ammonium cliloride. The myosinogen is precipitated. 

{(J.) Collect some of the precipitate of 4 (^•.), dissolve it with a 
weak solution of common salt, and test for proteid reactions 
(Lesson I. 1). Repeat 3 (c). 

{e, ) Suspend in the fluid a crystal of rock-salt ; the latter soon becomes 
coated witn a deposit of myosinogen. 
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6. The BitracHTM <rf Miwcle, — Prepure Kreatln (G,H,N,Oj+ EtjO) 
omittiDe the others. 

' (a. ) Make a strong watery solution of Liebig'a extra 
odd lead acetate antil precipitation ceases, avoiding ei 
pass sulphnretted hjdrogen through 
the filtrate to got rid of the lead. j^ ^^^\ -■». 

sui-iaca. Filter, and ayaporate the VV ^t^^^^S^f^^JL^ 
filtrate to a ayrup on a water-bath, ^ fc ^W[|fc.^f^^RA ^ 
and set it a^de in a cool i>Iace to ^t^^9 ^.^Z. ^^^^^-^^^^^jS^ 

(ft,) Aftar several days, when ^"^ ^ 

the kreatin haa separated, pour ^^- 5'— «>r»t»l« <>' Kreatln. 

off the motbar-liquor, add to it 5 

YolumBB of 90 per cent, alcohol to precipitate more kteatin. Filter, wash 
the crystals with alcohol, redissolye them in boiling water, allow them t« 
recryst.inise, and eiamine them with the microscope (fig. 51). 

Sarkiii and xantMn may be prepared from the alcoholic filtrate of [b, ), 

Tlie following scheme after Salkowaki shows the process of making 
it from flesh. 

PrepaTafiim 0/ Kreatin. 
Minced flesh, digested with water, strained. 



Filttate + lead a 
filter. 



Filtrate + HjS to remove Deposit - phOHphata 

lead, filtrate concentrated chloride and BDlpbate 

— KTeatin. of lead. 

6. Liel^s Extract of Ifeat 

(a.) Test it for proteida ; they are absent. 

(b.) Test it for glycogen, doing a control teat. It usually con- 
tains a small quantity. 

(c) Test it for kreatinin (see "Urine"). Weyl's teat usually 
succeeds. 

(d.) Examine it microscopically ; in addition to a few crystals 
of common salt, a few clear knife-rest forms, there sie numerous 
crystals of kieatin. 
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ADDITIONAL EXERCISES. 

7. Muscle-Plasma. — Kill a rabbit by bleeding from the carotids, open the 
abdomen, insert a cannula in the aorta, and wash out all the blood from the 
lower limbs by means of a stream of cold saline solution (0.6 per cent., 
NaCl). The solution is made cold enough by placing lumps of ice in it. 
Skin the limbs quickly, cut olf j)ieces of the muscle and plunge them into a 
mixture of salt and ice (i" - 2** C.), where they quickly become quite hard and 
frozen. When they are frozen remove them from the mixture, wipe them 
with blotting-paper, and place them on a plate kept cold by ice and salt 
mixture. Gut them into fine slices (cutting parallel to the airection of the 
fibres). Wrap the slices in linen and squeeze them in a pair of cooled enamelled 
iron lemon-squeezers ; a yellowish, viscid alkaline plasma is obtained, which 
sets in the course of an hour or so into a solid jelly, with the simultaneous 
appearance of an acid reaction. By-and-by a clear clot of myosin and a fluid 
muscle-serum is obtained, just as in a blood-clot. The muscle-plasma con- 
tains several proteids. For full details of these see Halliburton, Journal of 
Physiology, viii. p. 133. 

8. Halliburton*B Sesearches on ProteidB of Muscle. — With a stream of 
normal saline solution wash out the blood-vessels of a rabbit just killed. Do 
this by placing a cannula in the aorta. Remove the muscles quickly, chop 
them up and extract for a day with 5 per cent, solution of magnesium sul- 
phate. This is done by the demonstrator. Use this fluid. 

(«.) It is probably acid due to lactic acid. Test for this (p. 78). 
(h,) Coagulation, Dilute some with 4 vols, of water, divide it into two 
parts, keep one at 40° C. (rapid coagulation) and the other at the ordinary 
temperature (coagulation, but slower). Clot of myosin formed in both. 

(c.) Remove the clotted myosin from (6.) ; it is readily soluble in 0.2 per 
cent. HGl, forming syntonin ; and also in 10 per cent, sodium chloride. 

{d.) Add a few drops of 2 per cent, acetic acid to some of the extracts- 
stringy precipitate of myosinogen. 

(«.) Perform fractional heat coagulation {Halliburton), p. 1 1. 

** (i. ) With the original extract coagula are obtained at 47°, 56", 63*, 73* C. 
** (ii.) With liquid (salted muscle-serum) from (6.), after separation of the 

clot, coagula are obtained at 63'' and 73° C. 
** (iii.) With muscle-extract which has been saturated with MgS04 and 
filtered. The globulins are thus separated. Coagulation now occurs 
at 73° C, but the coaeulum is small." 
The following table from Halliburton shows these facts : — 
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Action of MftSOf. 


Is it globulin 
or albumin 1 


Fate. 


Myosinogen 
Myosinogen. 
Myo-globulin. 
Myo-albumin. 


47- C. 
56° C. 
63*0. 
73° C. 


Precipitated. 
Not precipitated. 


Globulin. 
Albumin. 


\ These form muscle-clot 
\ or Myoiin. 
) These are left in muscle- 
f serum. 



9. Figments of Muscle. 

(a.) Notice the difference between the red (semi-tendinosus) and pale muscles 
(adductor magnus) of the rabbit. 

(6.) The muscular iMirt of the diaphragm shows the spectrum of oxy-hspmo- 
globin, even after the blood-vessels have been washed out by salt solution 
(Kiihne). 
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(c. ) A piece of the great pectoral muscle of a pigeon, either fresh or which 
has been placed in glycerine to render it more transparent, on being pressed 
between two pieces of glass shows absorption bands of myo-hiematin, {JUac- 
Munn,) Map out their position with the spectroscope. 



LESSON XV. 
SOME IMPORTANT ORGANIC SUBSTANCES. 

1. Hydrochloride of GlycoBamin.— The chitinous parts of crabs and lob- 
sters are fi*eed as much as possible from their soft parts, dried, and divided 
into small pieces, which are decalcified in dilute hydrochloric acid. Gently 
boil the decalcified parts for 3-4 hours with hydrochloric acid, then evaporate 
and allow to crystallise. On cooling, a dai^ brown humus substance and 
crystals separate out. Filter, dissolve the crystals in water, and re-evap- 
orate until crystallisation takes place. The hydrochloride of glycosamin 
(CgHjaNOgHGl) separates in colourless glancing crystals about the size of a 
pea, which readily reduce Fehling*s solution on boiling. They have a some- 
what sweet taste like sugar* 

2. Nuclein of Yeast. — Mix i part of fresh German yeast with 4 parts o*" 
water, allow the deposit to subside. Pour off the turbid fluid from the p1^/ - 
deposit of yeast, place the latter in .5 per cent, caustic potash, stir for some 
time, and filter directly into dilute hydrochloric acid. The deposit is filtered 
off, washed with dilute hydrochloric acid, and then with alcohol. It is then 
boiled with alcohol and dried over sulphuric acid. 

{a.) It is an amorphous powder, insoluble in water and dilute acids, but 
readily soluble in alkalies. 

(b.) Fuse a little with sodic carbonate and nitrate of |>otash — a mass with 
a strongly acid reaction due to phosphoric acid. 

8. Ledtliiii. 

ro.Ri 

O.R 



C3H3- 



lopol^^ 

\0.CH2.CH.> \woTT 



Extract the fresh yellow of eggs free ti'om white, with ether, until the latter 
takes up no more. Distil off the ether, dissolve the residue in ptroleum 
ether, and filter. Extract the filtrate in a separation filter several times with 
75 per cent, alcohol. Mix the alcohol extracts, let them stand until they 
become clear, se])arate any petroleum ether, and filter. The rest of the petro- 
leum ether is got rid of by distillation, and the residue is exposed for several 
days to the air in a cool place, whereby a deposit separates. The clear fluid 
is decanted and filtered. Decolorise it by boiling with animal charcoal, filter 
and evaporate to a thick syrup at 50-60°. Dissolve the syrup in ether and 
evaporate, and the nearly pure lecithin remains behind {Drechsel), 

^ R= radical of palmitic acid (CigHajCO), stearic acid (CJ7H34CO), or oleic 
acid (C17H3SCO). 
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urinometer in it. Bring the vessel to the level of the eye, and as 
soon as the instrument comes to rest, read off the mark on its 
stem opposite the lower surface of the meniscus against a bright 
back-ground. 

Precautions. — i. The vessel must be so wide that the urinometer can float 
freely and not touch the sides. 2. The instrument must be dry before being 
placed in the fluid. 3. The urine itself must be clear and n'ee from air- 
Dubbles on the surface ; the latter can be readily removed by means of a fold 
of blotting-pai)er. N,B. — It is always necessary to take the specific gravity 
of the **mixea" urine of twenty-four hours. 

Low S,G. — Under noimal conditions the s.g. varies inversely as the quantity 
of urine passed. All causes which increase the water of the urine only, e.g,, 
drinking on an empty stomach ; after hysteria ; in diabetes insipidus or poly- 
dipsia. N". B. — If continually below loi 5, suspect diabetes insipidus or chronic 
Bright's disease. 

High S,G. — When the urine is concentrated, diabetes mellitnSf due to a 
large amount of grape sugar ; first stages of acute fevers ; rapid wasting of 
the tissues, especially if associated with sweating or diarrhoea. It is highest 
normally three to four hours after a meal ; and as it varies during the day, it 
is necessary to mix the urine of the twenty- four hours, and test the specific 
gravity of a sample of the "mixed urine." N.B, — If above 1025 and the 
urine be pale, suspect saccharine diabetesT 

5. Estimation of the Amount of Solids from the S.G.— By 

Christison^s forrmda (" HdsHr-Tra'pp^ s coefficient "), " multiply the 
last two figures of a specific gravity expressed in four figures by 
2.33. This gives the quantity of solid matter in every 1000 parts," 
i.e., the number of grams in 1000 cc. (33J oz.). 

Example. — Supp >se a patient to pass 1200 cc. of urine in twenty four hours, 
and the sp. gr. to be 1022, then 

22 X 2.33 = 51.26 grams in 1000 cc. 

To ascertain the amount in 1200 cc* 

51.26x1200 
1000 : 1200 : : 51.26 : a;= ^^^ = 61.51 grams. 

This formula is purely empirical, and is not applicable where the variations 
are very marked, as in saccliarine diabetes and some cases of Bright's disease, 
where there is a great diminution of urea. 

The normal quantity of solids, or the total solids — sometimes 
spoken of as "solid urine" — is about 70 grams (2 oz.) in twenty- 
four hours, i.e., 1000 to 1050 grains. Parkes gives an average 
of 945 grains per day for an average adult male between twenty 
and forty years of age. The latter estimate gives about 20 grains 
of solids per fluid ounce of urine, or about 4 per cent, of solids. 

6. Odour is " peculiar " and " characteristic," somewhat aromatic 
in health. 
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Certain medicinal and other substances inflnence it — turpentine (violets^ ; 
cubebs, copaiba, and sandal-wood oil give a characteristic odour, and so do 
asparagus, valerian, assafoetida, garlic, &c. In disease, note the ammoniacal 
odour of putrid urine and the so-called * * sweet " odour in saccharine 
diabetes. 

7. Eeaction. — Normal, — Slightly acid, it turns blue litmus- 
paper slightly red, and does not affect red litmus-paper. The 
acidity is chiefly due to acid sodium phosphate (NaH2P04), acid 
urates, and very slightly to free acids — lactic, acetic, oxalic, &c. 
A neutral urine does not alter either blue or red litmus-paper. A 
very acid uruie turns blue litmus-paper very red. 

{a.) Test with appropriate litmus-paper a normal, very acid, 
neutral, and alkaline urine. 

{h.) Test also with violet litmus-paper. 

{c) That the acidity is not due to a free acid is shown by its 
giving no precipitate with sodium hyposulphite, and also by the 
fact that it has no action on congo-red. The colour of the latter 
l)ody is violet or inky, with a solution containing i part of free 
hippuric acid in 50,000 of distilled water. 

8. Vaxlations in Acidity during the Day. — During digestion, i.e., 
two or three hours after a meal, the urine becomes neutral or alka- 
line. The cause of the alkalinity, is a fixed alkali, probably derived 
from the basic alkaline phosphates taken with the food (Roberts), 
the *^ afkaline-tide," According to others, the formation of free 
acid in the stomach liberates a corresponding amount of bases in 
the blood, which pass into the urine, and diminish its acidity or 
even render it alkaline. The " acid-tide " occui*s after fasting. 

Nature of the Food, — With a vegetable diet the excess of alkali causes an 
alkaline urine. In herbivora it is alkaline, in carnivora very acid. Herbivora 
(rabbits) whilst fasting have a clear acid urine, because they are practically 
living on their own tissues. Perhaps this is one of the reasons why the urine 
is so acid in fevers. Inanition renders the urine vei'y acid (Chossat), In 
herbivorous animals and vegetarians, the excess of alkaline salts of citric, 
tartaric, and other acids being oxidised into carbonates render it alkaline. 

Medicines.— Adds slightly increase the acidity. Alkalies and their car- 
bonates are more powerful than acids, and soon cause alkalinity ; alkalies, 
e,g,, the alkaline salts of citric, tartaric, malic, acetic, and' lactic acids, appear 
as carbonates ( Wohler), 

9. Alkalinity may be due to the Presence of a Fixed or a 
Volatile Alkali — In the former case, the blue colour of the litmus- 
paper does not disappear on heating ; in the latter it does, and the 
paper assumes its original red colour. 

{a,) Test with two pieces of red litmus-paper two samples of 
urine, one alkaline from a fixed alkah, and the other from a vola- 
tile one. Both papers become blue. 
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(6.) Place both Bide by side on a glass slide, heat them carefully, 
and note that the blue colour of the one disappears (volatile alkali), 
the red being restored, while the blue of the other remains (fixed 
alkali). 

The aJkolinitr nuy be caused by the preeeaoe of ammouiiim carbuoate 
(volatile), derived fram the decomposition of nrea ; the urine may be aiomonia- 
cal when passed, in which case theve is always disease of the urinaiy mucous 
memhrane ; or it may become so on standing — from putrefaction — when it is 
always turbid, and contains a sediment consiatlcg of amorphous phosphate of 
lime and triple- phosphate, and sometimes urate of ammonium ; it has an 
otTensive ammoniacal odour, and is very initatine to the mucous membrane. 

The acidity is increased during theresolution of febrile diseases ; ia excessive 
in gont and acute rheumatism, &nd whenever much uric acid is given oif (urio 
acid diathesis] ; in saccharine diabetes ; when certain acids are taken with the 
food (COj. benzoic). 

The amount of the acidity may be determined by ueing a standard solution 
of caustic soda (p. tio). 
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10. Transparency. ^Observe whether the urine is quite trans- 
parent or eoutains any suspended particles, rendering it more or 
less turbid, either when it is passed, or some time afterwards. 

11. Fermentation of Urine. — When urine is freely exposed to 
the air it undergoes two fermentations — (i) the acid; (2) the 
alkaline. The urine at first beeomes slightly more aciil, from the 
formation of lactic and acetic acids (although this is denied by some 
observers), then it gradually becomes neutral, and finally alkaline 
from putrefaction. It becomes lighter ia colour, turbid, and a 
whitish heavy precipitate occurs ; a pellicle forms on the surface, it 
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wi(h bacteria, aad it has an ammoniacal odoui, which is 
due to the splitting up of the urea, thus — 

CONjHj + zHjO - (NHJ^COg. 

The urea is split up by a ferment formed by the mici-oeoceus 
urex. The carbonate of ammonium makes the urine alkaline, and 
the earthy phosphates are precipitated because they are insoluble in 
an alkaliiie urine. The phosphate of lime is precipitated as such 
(amorphous), while the phosphate of magnesia iinites with the 
ammonia and is precipitated as aitiraonio-mognesic phosphate or 
triple phosphate {MgNH^POj + 6HjO). Part of the ammoniit 
escapes, and in addition to that united to the magnesic phosphate, 
some unites with uric acid to form urate of a 




N.H. — Although unne may be kept sweet for a loug time in 
perfectly clean vessels, still when mixed with decomposing matter 
it rapidly putrefies. Insist that all urinary vessels be scrupulously 
clean ; and that all instruments introduced into the bladder be 
properly purified by carbolic acid or other antiseptic. 

{a.) Place some normal urine aside for some days, in a warm 
place. Observe it from day to day, noting its reaction, change of 
colour, transparency, odour, and any deposits that may form in it. 
Examine the deposit microscopically (figs. 53, 54). 

Ferraentation is hastened by a high temperature, and especially 
if the urine be passed into a contaminated vessel, or the urine 
itself contain blood, much mucus or puB. It is retarded in a very 
acid and concentrated urine. 
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ADDITIONAL EXERCISE. 

12. Estimation of the Acidity. —This is done hy ascertaining the amount 
of caustic soda required to exactly neutralise lOO cc. of urine. As the soda 
solution cannot be prepared by weighing the soda because of the varying 
amount of water contained in it, the soda solution must be titrated with a 
standard solution of oxalic acid. Make a normal solution of oxalic acid by 
dissolving 63 grams of dry crystallised oxalic acid in 1000 cc. water, C2H2O4 
+ 2HoO» 126 {i.e. , half the quantity is taken because the acid is dibasic). A 
normal solution of caastic soda would contain 40 grams per litre (NaHO), i.e», 
Na=23, H=i, 0=-i6)='4o). i cc. "40 milligrams or .04 gram. Dissolve 
150 grams of caustic soda in about looo cc. water. 

(a.) Fteparation of Normal Caustic Soda. — Place 10 cc. of normal oxalic 
acid solution in a beaker, add a few drops of alcoholic solution of rosolic 
acid (orange solution), and allow the caustic soda solution to drop from a 
burette until the rosolic acid gives a rosy-red tint. Suppose that to saturate 
the acid 9.2 cc. of the soda solution are added, then to every 9.2 cc. 0.8 cc. 
must be added to obtain a solution of which i cc. will correspond to i cc. of 

acid, so that for 1000 cc. of caustic soda 9.2 : 1000 : : 0.8 : x ( » 86. 9 ) 

86.9 cc. water must be added. 

(6.) Betermine the Acidity of Urine. — Place 100 cc. of urine in a beaker, 

and add to it from a burette the normal soda solution ( i cc. —0.063 oxalic acid). 

It is better, however, to dilute the soda solution to obtain a ded-nonnal solu- 

N 
tion — i.e., one tenth as strong). In this case, i cc. = .0063 oxalic acid. 

Place strips of red litmus-paper in the fluid, drop in the caustic soda, stir, and 
add caustic soda until the litmus begins to turn blue. Suppose 15 cc. of 

the dilute ( ) solution are used, then the acidity of 100 cc. urine— 

15x0.0063 — 0.0945 ; and suppose the total quantity of urine passed to be 
1500 cc., then the total acidity of the urine passed in twenty- four hours ex- 
pressed as oxalic acid— 1.417 grams. The result is merely approxima|ive. 
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LESSON XVII. 
THE INORGANIC CONSTITUENTS OP URINE. 

TiiK constituents of the urine may be classified as follows : — 
(i.) Woter SLud inorgamc ^alts. * --^^^ j^^ 

(2.) Urea and relaUvfi nitrogenous bodies; uri^MK, ^nthin, 
guaniii, kreatinin, allantoin, oxaluric acid. ^i^^/|t-r • 

(3.) Aromatic substances; ether-sulpho-acids of phSB^cresol, 
pyrocatechin, hippuric acid, &c. 

(4.) Fatty nnn~nitroyeuoiis bodies; oxalic, lactic, and glycerin- 
phosphoric acid. 
(5.) Figments, 
(6.) Gases, 
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The ratio of inorganic to organic constituents is i to 1.2-1.7. 
The amount of salts excreted in twenty-four hours is 16 to 24 grams 
(J to f oz.). 

1. Water is derived from the food and drink, a small quantity 
being formed in the body (normal quantity 1500 cc, or about 
50 oz.). 

2. Chlorides are chiefly those of sodium (by far the most 
abundant) with a little potassium and ammonium, derived chiefly 
from the food, and amount to 10 to 13 grams (150 to 195 grains), 
or a mean of 12 grams (180 grains). Sodic chloride crystallises 
usually in cubes and octahedra. It sometimes forms a combina- 
tion with urea, and then it crystallises in rhombic plates. 

(a.) Test with a few drops of AgNOg (i pt. to 8 distilled water) 
= white, cheesy, or curdy precipitate in lumps insoluble in HNOg. 
The phosphate of silver is also thrown down, but it is soluble in 
HNO3. 

Estimation, — A rough estimate may be formed of the amount 
by allowing the precipitate to subside, and comparing its bulk 
from day to day. 

VaricUionSf increased in amount when the urine is secreted in excess, 
although the NaCl usually remains very constant (f per cent.) ; lessened in 
febrile affections, and where a large amount of exudation has taken place, as 
in acute pneumonia, when chlorides may be absent from the urine. The 
reappearance ot chlorides in the urine is a good symptom, and indicates an 
improvement in the condition of the lung. N,B, — ^The urine ought to be 
tested daily for chlorides in cases of pneumonia. 

(b,) Evaporate a few drops of urine on a slide = octahedral or 
rhombic crystals, a compound of NaCl and urea. 

(r.) Test urine from a case of pneumonia, and compare the 
amount of the precipitate with that of a normal urine. 

3. Quantitative Estimation ofOhlorides. — {i.) Standard Silver Nitrate. — 
Dissolve 29.075 grams fused silver nitrate in 1000 cc. distilled water, i cc. 
— o.oi NaCl. 

(2.) Saturated Solution of Neutral Potassic Chromatc. 

(a.) Dilute 10 cc. of not too dark-coloured urine with 100 cc. water, and 
place it in a beaker; add a few drops of (2). Allow the silver solution to drop 
in, stirring all the time until a faint orange tint indicates that there is an end 
of the reaction. Deduct i from the number of cc. of the silver solution 
added. 

4. Sulphates are chiefly those of sodium and potassium. The 
total quantity of sulphates (45 to 60 grs.) is 3 to 4 grams daily. 
Only a small amount of them enters the body with the food, so that 
they are chiefly formed from the metabolism of proteids in the 
body. They have uo cliuical significance. Sulphuric acid^ V^sssr- 
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ever, exists in urine not only in combiiiiition with alkalies, aa 
indicated above, so-called " prefoimed sulphuric add," but also 
witli organic radicles, phenol, skatol, and other aromatic substances 
forming aromatic ether-sulpho -compounds, or " eth^eal BulphateB," 
the "combned sulphuric acid." The latter form about ^th of 
the total sulphates, and originate from jiutrefactive processes in the 
intestine. The chief ethereal sulphates are phenol-sulphate of 
potassium and indoxyl-sulphate of potassium or jndican (CgHgN) 

(a.) Teat with o soluble salt of barium (the nitrate or chloride) 
»= wliito heavy precipitate of barium sulphate, insoluble in HNOg. 

(h.) To separate Uie combined (ethereal) sulphuric add, — Mix 
50 cc. of urine with an equal Inilk of "haryta mixture." Stir and 
filter. This removes the ordinary sulphuric acid aa Bulphat* of 
bariiira. Add 10 cc. HCl, and keep in a wator-hath at 100° C. for 
an hour and then allow the ethereal or combined sulphates to 
settle. 

5. The PhoBphateB Gonsist of alkaline and emihy salts in tlie 
proportion of 2 to r. The latter are insoluble in an alkaline 
uipiiium, an<l arc precipitated when the mine becomea alkaline. 
They are insoluble in water, but soluble in acida ; in urine they are 
held in solution by free CO^. The alkaline phosphates are very 
soluble in water, and they ucver form urinary deposits. 









e there may be 



N 



6. The Earthy PhoBphates 

(abundant) and magnesium (set 
I to 1.5 grams (15 to 23 grs.). 
urine is alkaUne, although not it 
the urine (Lesson XVI. 11). 



e phosphates of calcium (Ca^POj)^ 
nty) MgHPO^ + 7H5O. Quantity 
They are precipitated when the 
the form in which they occur in 
They are insoluble in water. 



readily soluble in acetic and carbonic acid, and are precipitated by 



(rr.J To clear filtered urine add nitric acid, boil, and add Imiic 
chloride, and boil again = a precipitate of baric sulphate. Filter, 
and to the cool filtrate add ammonia = a precipitate of baric 



OUnlcat Significnnoe, — They are •nrrrastd in osteomslacia and riclietB, in 
chronic rhenniatoid arthritis, alter jirolonged mental htigue, and by food and 
drink, and diminishtd in renal diaeeses and [ihthisia. 

7. The Alkaline FhosphatsB are diiefly acid sodium phosphate 
(NaH,PO^), with traces of acid potassium phosphate (KH^PO^); tliey 
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are soluble in water, and not precipitated by alkalies, and never 
occur as urinary deposits. The quantity is 2 to 4 grams (30 to 
60 grs.). They are chiefly derived from the food, and perhaps 
a small amount from the oxidation of the phosphorus of nerve- 
tissues. 

(a.) To fresh, clear-filtered urine add ammonia, caustic soda, or 
potash, and heat gently until the phosphates begin to separate ; let 
it stand for some time = a white precipitate of the earthy phosphates. 
Allow it to stand, and estimate approximately the proportion of the 
deposit. [If a high-coloured urine be used, the phosphates may go 
down coloured.] 

(//.) To urine add about half its volume of nitric acid, and then 
add solution of ammonium molybdate and boil = a canary-yellow 
crystalHne precipitate of ammonium phospho-molybdate. NJi. — 
The molybdate is apt to decompose on keeping. 

(r,) To urine add half its volume of ammonia, and allow it to 
stand = a white precipitate of earthy phosphates. Filter and test 
the filtrate as in 7 (6.). 

(d,) It gives the reaction for phosphates. This method separates 
the alkaline from the earthy phosphates. 

{f\) To urine add half its volume of baryta mixture [Lesson 
XIX. 12 (c.)] = a copious white precipitate. Filter and test the 
filtrate as in 7 (r,). Jt gives no reaction for phosphoric acid, 
showing that all the phosphates are precipitated. 

(/.) To urine add excess of ammonium chloride, and ammonia 
« a white precipitate of earthy phos/thatcs and oxalate of lime. 
Filter, and to the filtrate add a solution of magnesic sulphate = a 
precipitate of the alkaUne phosphates as inple phosphate. If the 
filtrate be tested for phosphoric acid by 7 (c), no precipitate will 
be obtained. 

(<7.) Instead of 7 (/.), use magnesia mixture, composed of 
magnesic sulphate and ammonium chloride, each i part, distilled 
water 8 parts, and liquor ammonias i part. It gives the same 
result as in 7 (/.). 

(h.) To urine add a few drops of acetic acid, and then uranium 
acetate or nitrate = bright yellow or lemon-coloured precipitate 
of uranium and ammonium double phosphate — 2^U203)NH4P04. 
This reaction forms the basis of the process for the volumetric 
estimation of the phosphoric acid. 

The other fact connected with the volumetric estimation 
of phosphoric acid is, that when a uranic salt is added to a 
solution of potassium ferrocyanide, a reddish-brown colour is 
obtained. 

(i,) To a very dilute solution of uranium acetate add potassium 
ferrocyanide = a brown colour. 
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s the phosnlial.es are deposited on. 



8, In some pathological 
boiling. 

(i7,) Boil siicli a urine = a pver^ipitate. It may he phoBjiliateB 
alliuniii]. An albuminous precipitate falls before the boiling-point 
ia reaclieil, and phosphates wjinn the fluid is boiled. Add a drop 
or two' of nitric or acetic acid. If it ia pliosph&tfiB, the preeipitate 
is dissolved ; if albumin, it is unclianged. 

9. Microscopic Examinatioii. — As the alkaline phosphates are 
all freely soluble in water, they do not occur as a urinary deposit. 
The earthy phosphates, however, may be deposited. 

(a.) Examine a preparation or a deposit of calcic phosphate, 
which may eitist either in the amorphoas form or the crystalline 
condition, when it is known as " stellar phnnphate " (lig, 55). 

(6.) Prepare " stellar pliosphate " crystals by aiiding some 
ealcitim chloride to normal urine, and then nearly neutralising. 
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On standing, crystals exactly like the rare clinical form of stellwl 
phosphate are obtained. 

(c.) Triple Phosphate or ammonio - magneaic phoapha! 
Mg^NHJPOj + eH^O never occurs in normal urine, and when 
it does occur, indicates the decomposition of urea to give thf 
ammonia necessary to combine mth magnesium phosphate to forB 
this compound. It forms largo, cleai' " knife-rest " crystals (fig. 55w 

('/.) If ammonia be added to urine, the ammoniO'E 
phosphate is thrown down in a feailifvii form, which ia very rarel^ 
met with in the iuvestigatlon of human urine clinically (fig. 57). 

10. General Rules for all Volumetric Processes. 

{a.) The burette must be carefully washed out with the titratioj 
solution, and must be fixed vertically in a suitable holder. 
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(b.) All air-bubbles must be removed from the burette as well as 
from the outflow tube. The latter miist be quite filled with the 
titrating solution. 

(ft.) Fill the burette with the solution up to zero, and always 
remove the funnel with which it is 
filled. 

(d.) Read off the burette always i 
the same manner, and ali^aya allow a -^ 
short time to elapse before doiug so, 
in order to allow the fluid to run down 
the sides of tlie tube. 

(c) The titrating fluid and tlie fluid 

being titrated must always be thoroughly p„. ^^,_,. _^ .......... 

well mixed, phmphote. 

{/.) It is well to make two estima- 
tions, the first approximate, the second exact. 

11. Volumetric Frocese for Fhoephoric Acid, vith Ferrocy;- 
anjde of Fotaseium as lodicator. — i cc of the 8S. (IJrauiuii 
acetate) = .005 gram of phosphoric acid. 

Solutions Beqnired. — Sodium Acetate SolntloD. — Diasolvo 100 grams ol 
sodium >cetat« in 100 cc. pure acetic acid, and dilute the mixture with dis- 
tilled vater to 1000 cc. 

Fotattsiom Ferrocyanide Solution.— DiBsolra t part of the salt in 

Draninm Nitrate Solntiou (i cc. — .005 gram H.,PO,). — Dissolve 
of uranium nitrate in strong acetic acid, and dilute the solution " ~ 

Apparatus Beqnired.—Mohr's burette, 
fitt^ in a stand, and provided vith a 
Mohr'a clip ; piece ol white porcelain ; 
tripod stand and wire-gauze; small beaker 1 
two pipettes, one to deliver 50 cc, the 
other 5 cc. ; glass rod. 

(a.) Collect and carefully measure 
the urine passed during twenty-four 
hours. O 

{b.) Place 50 cc, of the mixed 
and filtered urine in a beaker. Do 
tliis with a pipette. Place the beaker 
under a burette, 

(c.) To the urine add 5 cc. of the 
solution of sodium acetate ; mix 
thoroughly. 

(d.) Fill a Mohr's burette with 
the SS. of uranium acetate up to zeri _ 
burette. Sge that the Mohr's clip is tihgt, and that the out^ 
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flow tube is filled with the SS. N^ote the height of the fluid 
in tliB burette. Heat the urine in the beaker to about 80° C. 
Drop in the SS. (" Standard Solution ") of uranium acetate from 
the burette. Mix thoToughJy. Test a drup of the mixture from 
_ _ time to time, until a drop gives a faint brawn colour 

when mixed with a drop of potasaium ferrocyanide. 

Do this on a white plate. 

(e.) Boil the mixture and test again. If necessary, 

add a few more drops of the SS., until the brown 

colour reappears on testing with the indicator. 

[Paper may be dipped in the indicator solution and 

tested with a drop of the mixture.] Read off the 

number of cc. used. 

Example. — Suppose 17 cc. of the SS. are required to 

grecipitate ttie phosphitUB in 50 cc. or urine ; »9 i cc. ot 
S.— .005 gram of phosphoric acid, then .005x17-. 085 
gram of phasgihoric acid in jo cc. of urine. Suppose the 
patient passed 1150 cc of urine in twenty-four hours, then 



50: IZ50: i.oSsii 
twenty -four hours. 



50 



2 grama of phosphor 
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12. Beading off the Burette.— In the case of the 
burette being filled with a watery fluid, note that the 
upper surface of the water is concave. Always bring 
the eye to the level of the same horizontal plane as 
the bottom of the meniscus curve. Fig. 58 shows 
how diflerent readings may be obtained if the eye is 
placed at different levels, A, B, C. 

s'piiwl. 13. Erdmann'a Float (fig. 59) ounsists of a glass vessel 
loaded with mercuiT, so that it will float verticaity. It is 
used to facilitate the reading olT of the burette. It has a horizontal Sine 
engraved round its middle, and must be of such a width as to allow it just 
to ftoat Ireely in the burette. Bead off the mark on the burette which 
coincides with the ring on the tloat. 

14. CarbonatM and bicarbonates of the alkalies are generally present in 
alkaline urine,and are moat abundant in the urine of herbivora and vegetarians. 
They are derived from the osidation of the organic vegetable acids. Car- 
bonate of lime is not normally present in human urine, though it is sometimes 
found as a urinary dei^osit. 
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LESSON XVIII. 
ORGANIC OONSTITUBNTS OF THE URINE. 

1. Urea (CONoTT^) is the most important organic constituent 
in urine, and is the chief end-product of the oxidation of the 
nitrogenous constituents of the tissues and food. It crystallises 
in silken four-sided prisms, with obliquely-cut ends (rhombic 
system), and when rapidly crystallised, in delicate white needles. 
It has no effect on litmus ; odourless, weak cool-bitter taste, like 
saltpetre. It is very soluble in water and in alcohol, and almost 
insoluT)le in ether. It is isomeric with — i.e., it has the same empiri- 
cal, but not the same structural formula as ammonium cyanate 
(NH4)CN0. It may 

( NH 
be regarded as a diamid of COg or as carbamid = CO < tJtti^' 

Urea represents the final stage of the metamorphosis of albu- 
minous substances within the body. More than nine-tenths of all 
the N taken in is excreted in the form of urea. 

2. Frepaxation from Urine. — Take 20 cc. of fresh filtered human 
urine, add 20 cc. of baryta mixture* — Lesson XIX. 12 (e.) — to preci- 
pitate the phosphates. Filter, evaporate the filtrate to dryness in 
an evaporating chamber, and extract the residue with boiling alco- 
hol. Filter ofiF the alcoholic solution, place some of it on a slide, 
and allow the crystals of urea, usually long, fine, transparent 
needles, to separate out. This is best done by allowing spontaneous 
evaporation of the solution to go on in a warm place. Examine 
them microscopically (fig. 60, a). 

3. Combinations. — Urea combines with acids, bases, and salts. 
Evaporate human urine to one-sixth its bulk, and divide the residue 
into two portions, using one for the preparation of nitrate, and the 
other for oxalate of urea. 

4. Urea Nitrate (CH^lSTgO, HNO3). 

(a.) To the concentrated urine add strong pure nitric ac!d = a 
precipitate of glancing scales of urea nitrate, which, being almost 
insoluble in HNO^, separate out in rhombic plates or six-sided 
tables, with a mother-of-pearl lustre, and often imbricate arrange- 
ment. 
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(b.) Examine the crystals microscopically (fig. 60). 

(c.) If only traces of urea are present, concentrate the fluid 
supposed to contain the urea, place a drop on a slide, put into 
the drop one end of a thread, apply a cover-glass, and put a drop 
of jjure nitric acid on the free end of the thread. The acid will 
pass into the fluid, and microscopic crystals of urea nitrate will 
be formed on the thread. After a time examine the preparation 
microscopically. 

5. Urea Oxalate (CH^NgOig C^H^O^ + Uf^. 

(a.) To the other half of the concentrated urine add a concen- 
trated solution of oxaUc acid. After a time crystals of oxalate of 
urea separate. 

(b.) Examine them microscopically (fig. 61). 



a — 




Fig. 60.— a. (Jrea ; b. Hexagonal plates; and c. Smaller scales, or rhombic 

plates of urea nitrate. 

(c.) Add oxalic acid to a concentrated solution of urea = a preci- 
pitate of urea oxalate, which may have many forms — rhombic 
plates, crystalline scales, easily soluble in water. 

(d,) Do the same test as described for urea nitrate (4, r.), but 
substitute oxalic for the nitric acid. 

6. Urea and Mercuric Nitrate (2CON2H4 + Hg(N03)2 + 3^^^)- 

(a.) To urine (after removing the phosphates by baryta mixture) 

or urea solution add mercuric nitrate = a white, cheesy precipitate, 

a compound of urea and mercuric nitrate. Liebig's method for the 

estimation of urea is founded on this reaction. 
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7. Other Eeactions of Urea. — Make a strong watery solution 
of urea, and with it perform the following tests : — 

(a.) Allow a drop to evaporate on a sHde, and examine the 
crystals wliich form (fig. 60, a). 

(h,) To a strong, solution of urea add p^ii'e nitric acid = a precipi- 
tate of urea nitrate (fig. 60, b), 

{r,) To a strong solution of urea add ordinary nitric acid tinged 
yellow with nitrous acid, or add nitroui^ 
(icid itself ; bubbles of gas are given off, 
consisting of carbon dioxide and nitro- ^ f) ^ 

(rf.) Add caustic potash, and heat. The ^^\ ^^ ^V 



urea is decomposed, ammonia is evolved, and ^ ^5^ Q ^^^\ ^ 
Ammonium carbonate is formed : — CON2H4 \\ ' \ Q 

+ 2H,0 = (NH4)2C03. -^^^ rs ^^>^^ 



(«.) Mercuric nitrate gives a greyish-white j^^ jl |^ q{\ 
cheesy precipitate. li ''^ ij LJyy \^ 



^^.-^ 



8. With Crystals of Urea perform 
the following experiments : — ^ 

(a.) Biuret Reaction. — Heat a crystal '^ 

rii.i_ ii .1 1. Fig. 61. — Crystals of Oxalate of 

in a hard tube ; the crystal melts, urea from Urine, 

ammonia is given off, and is recognised 

by its smell and its action on Htmus, while a white sublimate of 
cyanuric acid (C3H3N3O3) is deposited on the upper cool part of 
the tube. Heat the tube until there is no longer an odour of 
ammonia. Allow the tube to cool, add a drop or two of water to 
dissolve the residue, a few drops of caustic soda or potash, and a 
little very dilute solution of cupric sulphate = a ')nnk colour (biuret 
reaction). Two molecules of urea yield one of biuret. 

(/>.) Place a large crystal of urea in a watch-glass, cover it with a saturated 
freshly prepared watery solution oifxirfin-ol^ and at once add a di'Op ot strong 
hydrochloric acid, when there occurs a rapid play of colours, beginning with 
yellow and passing through green, purple, to violet or brown. This test 
requires care in its performance. 

9. Quantity. — An adult excretes 30 to 40 grams (450 to 600 
grs.) daily ; a woman less, and children relatively more. It varies, 
however, with 

(a.) Nature of the Food, — It increases when the nitrogenous m.att«.\*3» -Kt^ 
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increased in the food, and is diminished by vegetable diet. It is increased 
by copious draughts of water, salts. It is still excreted during starvation. 

(6.) Muscular Exercise has little effect on the amount. 

(c.) In Disease, — In the acute stage of fevers and inflammation there is an 
increased formation and discharge, also in saccharine diabetes (from the large 
quantities of food consumed). It is diminished in anaemia, cholera, by the 
use of morphia, in acute and chronic Bright's disease. If it is retained within 
the body, it gives rise to uraemia, when it may be excreted by the skin, or be 
given oH by the bowel. 

10. Occurrence. — Urea occurs in the blood, lymph, chyle, liver, lymph 
glands, spleen, lungs, brain, saliva, amniotic fluid. The chief seat of its 
foimation is very probably the liver. It also occurs in small quantity in 
the urine of biras, reptiles, and herbivora, but it is most abundant in that 
of carnivora. 



LESSON XIX. 
VOLUMETRIC ANALYSIS FOR UREA. 

1. Before performing the volumetric analysis for urea, do the 
following reactions, which form the basis of this process : — 

(</.) To a solution of sodic carbonate add mercuric nitrate = a 
yellow precipitate of mercuric hydrate. 

{h,) To urine add sodic carbonate, and then mercuric nitrate = 
first of all a white cheesy precipitate; on adding more mercuric 
nitrate, a yellow is obtained, i,e,y no yellow is obtained until the 
mercuric nitrate has combined with the urea, and there is an excess 
of the mercuric salt. 

(c) To urine add hypobromite of soda. At once the urea is 
decomposed, and bubbles of gas — N — are given off. 

2. Estimation of Urea by Hiifner's Hypobromite Method. 

The principle of this method depends on the fact that urea is 
decomposed by alkaline solution of sodium hypobromite, yielding 
water, COg and N. The COg is absorbed by the caustic soda, the 
N, which is disengaged in bubbles, is collected and measured in a 
suitable apparatus. 

Sodium Carbon Sodiuiv 

Urea. Hypobromite. Dioxide. Nitrogen. Water. Bromide. 

CON2H4 + 3NaBrO = CO2 + Ng + aHgO + sNaBr 

Every o.i gram of urea contains .046 gram N; this at the ordi- 
nary temperature and pressure = 37.3 cc. pf nitrogen. In practice 
only 35.43 cc. are obtained. It is an accurate method, and the 
one generally used for clinical purposes. Many different forms of 
apparatus have been devised, including those of Knop and Hiifner, 
Russel and West, Graham Steele, Simpson. Dupr^, Gharteris, 
Gerrard, &c. 
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3. Apparatiia and Solntioiia required. 

( i. ) A 40 [ler cent. BaluCioti of caustic soila. 

( ii.) Tubofl coiituiiiing 2 anii 4 «- "f Iromiiie. ' 

vaiiient than the fluid bromine. 
iUi.) A atrong glaan cylinder witli a gUaa stopper, 
(iv.l Asoc, pii«tte. 
{ T. ) Urea apparatus, e.g., of Dupr*, or Gerrani. 



4 Make Ih* hiJiHibraiai/e salviian : PlsM i 
iu tha glass -stop|)ered cylinder, drop into it 
zently a tube containing 2 co. of bromine. 
Shake the cylinder so as to break the 
bromine tube ; the soda combines with the 
bromine. These bromine tubes can be 
purchased. The aolution spoils by keepjug, 
so that it should be made Ereah for each 



5. Dupr^'B ApparatuB.i — rn tlijs 
apparatus (Ing. 63) tlie gradudtioa on 
the collecting tube repreaonts either 
the percentage of urea or cc. of N. 
The collecting tube, wliioli is damped 
above, is placed in a tall vessel ron- 
taining water, and connected witli a 
small glass fimsk. containing a short 
test- tube. 

(a.) Eemove the short test-tube 
from the flask, and in the latter 
place 25 cc. of the hypobTOiaite 
solution. 

(6.) "Witli a pipette measure off 5 
cc. of the clear filtered urine, and 
place it in the sliort test-tuhe attached 
to the india-nihber stopper, and seen 
on the left side of fig. 62. Tl-iis 
is preferable to the pipette aliown 
in the Rr. Place the caoutchouc 
stopper in the flask. 

{''.) Teat to soa if all tiie connec- 
tions are tight. Open the clamp at 
the upper end of the collecting tube, 
depress the tube in the water untO 
the water hiside and outside the tube 
is at zero of the graduation. Close thi 
collecting tube. If the apparatus be ti) 







7.—Ymtti't Urea Appuatna. 



clamp, and raise th 
it, DO air will pass in 



' Made by George J. Smith, 73 FarringiottStaetA. 
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and on lowering the collecting tube the water will stand at zero 
inside and outside the tube. 

(ff,) Mix the urine gradually with the hypobromite solution by 
gently tilting over the flask. Gas is rapidly given off, the COg is 
absorbed by the caustic soda, while the N is collected in the 
graduated measuring tube. 

(e.) Place the flask in a jar of water at the same temperature as 
that in the tall jar, and sHghtly lower the measuring tube. After 




Fig. 63.— Steele's Apparatus for Urea. A. Flask for hypobromite ; B. Tube for 
urine ; C. Burette ; D. Vessel with water ; E. Vessel with water to cool A. 



all effervescence has ceased, and when the X collected in the col- 
lecting tube has cooled to the temperature of the room -i.e., in five 
to ten minutes — raise the collecting tube until the fluid inside and 
outside stands at the same level. Read off the graduated tube; 
this gives the percentage of urea. Or if the burette be graduated 
in cc. read off the number of cc. and calculate the amount of urea 
from the amount of N evolved. 

It is to be remembered that other bodies in the urine, such as 
uric acid (urates) and kreatinin — but not hippuric acid — also yield 
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nitrogen by this process; further, that only about 92 per cent, 
of the N of tlie urea is given off in the above processes. These 
sources of fallacy are. however, taken into account in graduating 
the apparatus. 

6. Steele's Apparatus (fig. 63). — In this apparatus the collect- 
ing tube is a graduated burette graduated in cc. 

(a.) Use this apparatus in a similar manner. Tlie tube B is 
intioduced into the flask A l)y means of a 
pair of forceps. 

(b.) Eead off the number of cc. of N 
evolved, and from this calculate the 
amount of urea. Every 35.4 cc. N = o.i 
gram urea. 

7. Ureaineter of Doremus (fig. 64). — 
It consists of a graduated bulb-tube, closed 
at one end. Hypobromite of sodium 
solution is poured into the tube up to a 
certain mark, and diluted with water to 
fill the long arm and bend. The urine 
to be tested is drawn into the pipette to 
the graduation. The pipette is then passed 
into the ureameter. as far as the bend, 
and the nipple is compressed slowly. The 
urine will then rise through the hypo- 
bromite solution, and the gas evolved will 
collect m the upper part of the tube. ^^^- '^•" witr^ltte' ^""""^ 

Each division indicates .001 gram of 
urea in i cc. of urine. The percentage of urea present in the urine 
is found by simply multiplying the result of the test by 100. 

8. Study also Charteris's apparatus. The bromine aijd caustic soda are 
mixed in a marked measure, so that the hypobromite is always fresh, while 
the collecting tube for the N is so graduated as to indicate a certain percentage 
of urea. 

9. Study Squibb's apparatus. In all these cases directions are supplied 
with the apparatus. 

10. Liebig's Volumetric Process for Urea with Sodic Carbonate as Indi 
cator. — I cc. of the SS. (mercuric nitrate) = .01 gram or 10 milligrams of urea. 
This method has been largely supplanted by the hy[K)bromite process. 

11. Solutions Required. 

Baryta Mixture. — Prejwred as in Lesson XIX. 12 (c). 

Mercuric Nitrate Solution.— (i cc. = 'oi gram urea). Dissolve with the 
aid of gentle heat 77.2 grams of pure dry oxide of mercury in as fe\^\%J^ -%. 
quantity as possible of HNO3, evaporate to a syiM^, «^Tv(i VMevv ^^xiXft. -^SiOi^ 
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water to i litre. A few drops of HNO3 will dissolve any of the basic salt left 
undissolved. N,B. — The exact strength of this solution must be estimated 
by titrating it with a standard 2 per cent, solution of urea. 
Sodic Carbonate Solution. — 20 grains to the ounce of water. 

12. Apparatus Required. — Burette fixed in a stand, funnels, beakers, 
filter-paper, glass rod, plate of glass, and three pipettes, 10, 15, and 20 cc. 

{a.) Collect the urine of the twenty-four hours, and measure the quantity. 

\b.) If albumin be present, separate it by acidification (acetic acid;, boiling, 
and filtration. 

(c.) Mix 40 cc. of urine with 20 cc, i.e.^ half its volume, of a solution of 
barium nitrate and barium hydrate (composed of one volume of solution of 
barium nitrate and two volumes of barium hydrate, both saturated in the cold). 
This precipitates the phosphates, sulphates, and carbonates. 

(rf. ) Filter through a dry filter to get rid of the above salts. While filtra- 
tion is going on, fill the burette with the standard solution (SS.) of mer- 
curic nitrate up to the mark on the burette. See that there are no air- 
bubbles, and that the outflow tube is also filled. 

(e.) With a pipette take 15 cc. of the clear filtrate and place it in a beaker. 
N.B. — This corresponds to 10 cc. of urine. Place a few drops of the sodic 
carbonate solution (the indicator) on a piece of glass resting on a black back- 
ground. 

(/.) Note the height of the fluid in the burette. Run in the SS. of mer- 
curic nitrate from the burette into the 15 cc. of the mixture, in small 
quantities at a time, until the precipitate ceases. Stir and mix thoroughly 
with a glass rod. After each addition, with the glass rod lift out a drop of 
the mixtur«» and place it on one of the drops of sodic carbonate until a pale~ 
yellow colour is obtained. This indicates that all the urea has been precipi- 
tated, and that there is an excess of mercuric nitrate. Read oflf the number 
of cc. of the SS. useil. 

{g. ) Repeat the experiment with a fresh 1 5 cc. of the filtrate, but run in the 
greater part of the requisite SS. at once before testing with sodic carbonate. 

Read off the number of cc. of the SS. used, and dedu^ 2 cc. ; multiply by 
.01, which gives the amount (in grams) of urea in 10 cc. of urine. 

Example.— Suppose 27 cc. of theSS. were used, and the patient passed 1200 
cc. of urine in twenty-four hours: then 25 x .01 = .25 gram urea in 10 cc. 

1200 X .2'? 

10 : 1200 :: ,2$ : X , ' — 30 grams of urea in twenty-four hoars. 

This method yields approximately accurate results only when the amount 
of urea is about 2 per cent. With a greater or less percentage of urea, certain 
modifications have to be made. 

Correction for Sodic Chloride. —Two cc. were deducted in the above pro- 
cess. Why? On adding mercuric nitrate to a solution containing sodic 
chloride, the mercuric nitrate is decomposed and mercuric chloride formed, 
and as long as any sodic chloride is present, there is no free mercuric nitrate 
to combine with the urea. Proofs of this : — 

(a.) To a solution of sodic chloride (uoraial saline) add mercuric nitrate «= 
no precipitate. 

(6.) To a solution of sodi': chloride (normal saline) add a few crystals of urea, 
then add mercuric nitrate At first there is no precipitate, or, if there is, 
it is redissolved ; but by-and-by a white preci|)itate is obtained. 

(c.) To a solution of urea (acid) add mercuric chloride « precipitate. 
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ADDITIONAL EXERCISES. 

13. Hater's Appamhit (Eg. 65) —It canaUts of a stout rusironn gUia 
cylinder (B) (capacity 100 no. ), conaected below bj means of a glai» tup witli 
Si Bmiller tube ({^jiiuity 5 aa.). The ciLpiicity of A is importaut, a.s it contaitis 
a, so UiaC it must be previoasly calibrated. Tlje remaiudBr of the 




apparatus consists of a glass bowl 'LI fitted by means ol a caoutchouc stopgor 

Opon the upper end ol B. Abuve tins i» a graduated gut. -co! iet ting tube (D), 

40 cm. long and j cm. wUe, and graduated into 0.3 cm. in units of capacity. 

B; mcaua of a long funnel £]] tiie v-essel A witli urine, «.VMa 'O&Si 'ik%,^&. j 
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wash every trace of urine oat oi B. Place C in position, fill B with a frashly- 
pi'cjiairsd auIutioQ of liyiiobromite, and place a, concentrated solution of com- 
muti salt in C to the depth of i cm. Fill D also with the salt solution, 
BTOtding the nreaenoe of air-bahblan. Insert D over£. Open tlie tup when ] 
the hypobromite mixea witli the uriiia ond the gases are evolved. The quan- / 
tity of urea ia calculatcil from the Tolm ' "^ ' ' 

II. Gerrard'g Apparatne (fig. 66^, 

Metkod of Ushig. -Pour into the tube 5 cc of the urine to be examtnad, and J 

in the bottle liii 25 cc. or 6 fluid drachmB of Hodium hypobromite solation. •■ 

Place the tube carefully inside the bottle, as shown in the illustration, avtnd' ' 

ing spilling any of the couteiits. Fill the glass tubes [h, c) with water. 1 

the level reaehea the sero-liiia, taJk-] 
■e that when titig is rione tl»<| 
>nlv a litt' 
iflfi-it h „ 
^ive what is displaced tram [h) bjr J 
the nitrogen evolved. Now eonnecl J 
the india-rubber tnbing 
bottle, and noting lastly that tlie ' I 
water ia exactly at xero, upset ths 1 
oontenta of the tube into the hypo- J 
bromite solntion. Ifitrogan i»-ff 
evolved, and deiiressea the water ill I 
{b). When this ceases, l«wer (c) J 
until the leviil of the water in both I 
tubes ia eqnal. To be exact, dip I 
(a) into cold water to cool the g 
before taking a reading, and aa 
the result, which shows jjercenta 

The solution of hypobi 
diasoli 




i by dissolving : 



water, then adding 
bromine. 

To avoid the danger of the brO' | 
mine vaiionr, the bromine is soW '- 
hermetically sealeii glass tnbea, e 
tsining 2, 2 cc. ; one of these placed 1 
in the large bottle with 25 cc. of tha I 
soda solution gives, when broken ] 
with a sharp shake, the exaCit 1 
id all bad odour ii 



15. Synthetio Preparation 

lyanide or ri ' ' 
laree ]>orcehi 



■ Oraa,— Heat 



ar3«ly-[Kiwdered ferro- 



r the whole a 
ur, and the larger pieces wlien broken up show no trace of yellow 
If it be over-heated the powder becnmea bruwn. The white mass is fine! 
powdered aud mixed with half its volume of dry, linely-]>owdered, black oxiiu 
of manganese. The whole is heated in a black metal pot in a dra '' '' 

chamber until it liegins to scintillate, and the mass becomes doughy, 

mass is heated unHl a small portion of it. when disaolvad in water and aftetl 
aoidulatiou with hydrochloric acid, is no longer rendered blae bj ferriQ4 
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chloride. Cool and extract with cold water, and add to the solution dry 
ammonium sulphate to the extent of three -fourths of the weight of potassic 
ferrocyanide used. Filter, evaporate on a water-bath at about 6o'*-70° C. (at 
which temperature ammonium cyanate passes into urea). At first potassic 
sulphate crystallises out ; remove it fi'om time to time. Ijastly, eva])orate to 
dryness, and extract the urea fi'om the residue by absolute alconol. The urea 
crystallises from the alcoholic solution at a moderate temperature {Drechscl). 

16. Estimation of Total Nitrogen {Pflilger and BohIan<Vs Approximative 
M'thod. — (i.) Take lo cc. of urine, add Liebig's mercuric nitrate until a 
faint yellow is obtained with a drop of the mixture when the latter is tested 
with sodic carbonate. The number of cc. of the SS. used multiplied by 0.04 
gives the total N. 

(ii.) KjeldahVs Method, — This method, when once the standardised solutions 
are prepared, and the ajiparatus set up, can be carried out in about an hour, 
and several estimations can be carriea out simultaneously. In this method 
the organic matter is destroyed by prolonged heating of the substance with 
sulphuric acid until the originally blackish fluid becomes clear and yellow 
coloured. After it cools, caustic soda is added, the flask is corked, and the 
mixture is distilled, whereby the ammonia passes over into a standardised 
solution of sulphuric acid. The ammonia is calculated by titrating the 
sulphuric acid with standard caustic soda. (See Sutton's Volumetric Analysis ^ 
p. 68, 5th edit.. 1886.) 



I>ESSON XX. 

URIC ACID— URATES— HIPPURIC ACID— 

KRBATININ, &o. 

1. Uric Acid (C5H4N4O3) contains 33.33 per cent, of N, and, 
next to urea, is the constituent of the urine whereby the largest 
quantity of N of the body is. excreted, whilst in birds, reptiles, 
and insects it forms the chief nitrogenous excretion. The propor- 
tion of urea to uric acid is 45 : i. 

The following structural formula show its relation to urea, and the results 
Oi its decomposition : — 

NH— CO 

I . I 
CO C - NH 

I H >C0 

NH C-NH 

2. Quantity. — 0.5 gram (7-10 grs,) daily. It is dibasic, colourless, and 
crystallises, chiefly in rhombic plates, and when the obtuse angles are 
rounded the "whetstone" form is obtained. It often crystallises s])on- 
taneously in rosettes Jrom saccharine diabetic urine. It is tasteless, reddens 
litmus, and is very insoluble in water (18,000 parts of cold and 15,000 of 
warm water), insoluble in alcohol and ether. In the urine it occui*s chiefly in 
the form of acid urates of soda (C5H2N4O3, HNa) and potash. 
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(a.) In a conical glass, add 5 parts of HCl to 20 parts of urine, 
put it in a cool place for twenty-four hours. Yellow or brownish- 
coloured crystals of uric acid are deposited on the sides of the 
glass, or form a pellicle on the surface of the fluid like fine grains 
of cayenne-pepper. Both uric acid and its salts (urates), when 
they occur as sediments in urine, are coloured, and the colour is 
deeper the more coloured the urine. The slow separation of the 
uric acid is probably due to the presence of phosphatic salts. 

(b.) Collect some of the crystals and examine them microscopi- 
cally. The crystals assume many forms, but are chiefly rhombic. 
They may be whetstone, lozenge-shaped, in rosettes, quadrilateral 
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Fig. 67.— Uric Add. a. Rhombic tables (whetstone form); 6. Barrel f rm ; 
e. Sheaves; d. Rosettes of whetstone crystals. 

prisms, &c. They are yelloioish in colour, although their tint may 
vary from yellow to red or reddish-brown, depending on the depth 
of the colour of the urine (figs. 67, 68). 

(c.) The crystals are soluble in caustic soda or potash. Observe 
this under the microscope. 

{rl,) With the aid of heat dissolve some serpent *s urine — which 
is solid, and consists chiefly of ammonium urate — in a 10 per 
cent, solution of caustic soda. Add water, and allow it to stand. 
Pour off the clear fluid, and precipitate the uric acid with dilute 
hydrochloric acid. Collect the deposit and use it for testing. 

3. Reactions and Tests. 

(a.) Murexide Test. — Place uric acid in a porcelain capsule 
add nitric acid, and heat gently, taking care that the temperature 
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ia not too high— not above 40' C. Very disagreeable fumsB Bte 
given off, wbile a yellow or reddiab etain remains. Allow it to 
cool, and bring a rod dipped in ammonia near the atiiin, or moisten 
it with strong ammonia, when & pitr^le-reU colour of murejdJi', 
C^U^{NU^Sfig, appears. Tt 
turns violet on adding caustic 
potash. 

(6.) Repeat the experiment, 
hut act on the residue with 
caustic soda or potash, when 
a violet-blue colour — dis- 
chargnd by heat^is obtained. 
The latter distingi 
from guanin. "When uric acid 
ia acted on by nitric acid, 
alloxantin (CgH^N^O,) is 
formed, which, on being 
further heated, yields alloxan 
(CiH^NjOJ ; the latter strikes 
a purple colour— mureside — 
with ammonia. 

(c.) Place uric acid on a ""j,S'B;;;^Jl.'i,*Drti«*n*5,d 
microscopic slide, and dissolve bio prian, huriiouuui ti 
it in Uqnor potassffi. Heat, rediiTulS S,4. 'b»^™r.b;i 
if necessary; add hydro- E'1™' *'* * tiex»iicflr»i baui n 
chlonc or nitnc aoid juat to gioupi of i^rysuia. 
excess, and examine with the 

microscope the crystals of uric acid which form. They may be 
transparent rhombs with obtuse angles, dumb-bells, or in 
rosettes. 

('/.) Dissolve uric acid in caustic soda, add a drop or two of 
Fehling'a solution—or dilute cuprio sulphate and caustic soda — 
and boil ^ a white precipitate of cupric urate, which after a lime 
becomes areeniah. 

(e.) Sciiiff's lest. — Dissolve uric acid in a small quantity of 
sodium carbonate. Place, by means of a glass rod, a drop of solu- 
tion of silver nitrate on tilter-paperj and on this place a drop of the 
uric acid solution. A dark brown or black spot of reduced silver 
appears. 

{ /'.) Heat some uric acid in a test-tube. It blackens and gives 
oS the smell of burnt feathers. 




Fated iiistei at 
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(g.) Oarrod's Hicnucopic Teet. — AilJ 6 to S drops of glai^Ut acetio acid to 
5 <x. urine in a watch -gloss, }iiit into it b few silk tiireods, »ad bIIow the 
whole to stand Sot twenty-four houca, taking care to prevent eva^TKlla&. V^ 
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covering it with another watch-glass or small beaker. Examine the threads 
microscopically for the characteristic crystals of uric acid, which are soluble 
in KHO. A similar reaction may be done on a microscopic slide. 

4. Uric Acid Salts (Urates, " Lithates ").— Uric acid forms salts 
(chiefly acid), with various bases, which are soluble with difficulty 
in cold, but readily soluble in warm water. HCl and acetic acid 
decompose urates, and then the uric acid crystallises. 

Urates form one of the commonest and least important deposits in urine. 
There is usually a copious precipitate, varying in colour from a light pink or 
brick-red to purple. They occur in catarrhal affections of the intestinal canal, 
after a debauch, in various diseases of the liver, in rheumatic and feverish 
conditions. They frequently occur as the "milky" deposit in the urine of 
children. Urates constitute the "lateritious" deposit or "critical" deposit- 
of the older writers. Urates frequently occur even in health, especially when 
the skin is very active (in summer), or after severe muscular exercise ; when 
much water is given off by the skin and a small quantity by the kidneys. 
The following are the formulae of the more common urates : — 

Acid sodic urate Gf'H.n'S4lO:il^&. 

Neutral sodic urate .... C5E[2^403^^* 

Acid ammonium urate .... C5H3N403(NH4). 

Acid potassic urate .... C5H3N4O3K. 

When the urine is passed it is quite clear, but on standing for 
a time it becomes turbid, and a copious reddish-yellpw — some- 
times like pea-soup — or purplish precipitate occurs, because urates 
are more soluble in warm water than in cold; and when there 
is only a small quantity of water to hold the urates in solution, 
on the urine cooling they are precipitated. Their occurrence is 
favoured by an acid reaction, a concentrated condition of the urine, 
and a low temperature. 

The urates deposited in urine consist chiefly of sodic urate mixed 
with a small amount of ammonium urate. 

« 

5. Tests for " Urates " or " Lithates " in urine. 

(a.) Observe the naked-eye characters. The deposit is usually 
copious = yellowish-pink, reddish, or even shading into purple. 
The deposit moves freely on moving the vessel, and its upper 
border is fairly well defined. 

(/;.) Place some in a test-tube. Heat gently the upper stratum. 
It becomes clear, and on heating the whole mass of fluid, it also 
becomes clear, as the urates are dissolved by the warm liquid. 

(c) Place some of the deposit on a glass slide, add a drop of 
hydrochloric acid, and uric acid is deposited in one or more of 
its many crystalline forms. Examine the crystals microscopically. 

(d,) Examine the deposit microscopically. The urates are 
usually " amorphous," but the urate of soda may occur in the form 
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of small spheres covered with spines, and the ammonium urate, of 
spherules often united together (fig. 77). 

(e.) Make a saturated solution of uric acid in caustic soda. Place a drop 
of the mixture on a slide, allow it to evaporate. Examine it microscopically, 
when the urate of soda in the form of spheres covered with spines will be 
obtained. 

(/. ) The same result as in {e. ) is obtained by dissolving the ordinary deposit 
of urates with caustic soda, and allowing some of it to evaporate on a slide. 

6. Uric Acid from Serpent's Excrement. — Heat the powdered excrement 
in a porcelain vessel with 15-20 vols, of water just to boiling, add carefully 
small quantities of caustic potash or soda until the whole is dissolved and 
there is no further odour of ammonia given off. Filter, and saturate the 
filtrate with CC^^* which causes at first a gelatinous and then a finely-granular 
precipitate of acid alkaline urate. Separate the latter by syphoning off the 
huid, wash it with small quantities of iced water, place it in a boiling dilute 
solution of hydrochloric acid, and boil the mixture for some time. After it 
cools, uric acid crystallises out, the latter is washed with cold water and dried. 

7. Hippuric Acid, C^Hj^NOg (benzoyl - amido - acetic acid or 
benzoyl-glycin). — I'his substance is so called because it occurs in 
large quantity in the urine of the horse and many herbivora, 
chiefly in the form of alkaline hippurates (sodium hippurate). It 
belongs to the aromatic series. It dissolves readily in hot alcohol, 
but is sparingly soluble in water. 

Quantity in man .5 to i ^am daily. It is a conjugate acid, which, when' 
boiled with alkalies and acids, takes up water and splits into benzoic acid and 
glycin. It occurs in colourless four-sided prisms, usually with two or four 
bevelled surfaces at their ends. It has a oitter taste. Benzoic acid, oil of 
bitter almonds, benzamid, cinnamic acid, and toluol reappear in the urine as 
hippuric acid. The benzoic acid unites with the elements of glycocoll (glycin), 
and is excreted as hippuric acid in the urine. 

Benzoic Acid. Olycocoll. Hippuric Acid. Water. 

CyHeO., -f C.HjNO^ - C9H9NO3 + K^O. 

The amount is increased by eating pears, apples with their skins, cranberries, 
and plums. Nothing is known of its clinical significance. It seems to be 
formed chiefly from the husks or cuticular structures. 

Tests and Eeactions. 

(a.) Heat some crystals in a dry tube. Oily red drops are 
deposited in the tube, while a sublimate of benzoic acid and 
ammonium benzoate are given off. The latter is decomposed, 
giving the odour of ammonia, while there is an aromatic odour of 
oil of bitter almonds. 

(hj) Examine the colourless four-sided prisms with the micro- 
scope (fig. 69). 

(<•.) Boil with HNO3, and heat to dryness = odour of nitro- 
benzene. Benzoic acid gives a similar reaction. 
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8. Frq^azmtian of ffipfiaric Add. — (<r.^ Take loo ecL of 
or horse's uzine, and evaporase ii v> <Mie-sxih its balk ; add hjdio- 



ehloric 



and sel ii a«:de. 



The brown zaas is collected, dried 
^•rTween folds of hlottmg- 
:<sper, rediasolTed in a rtrj 
J sniill q-JAa^fn- of water, and 
r mixed wiiL charcoal, then 
nlwered and set aside to 
crrstallise. Ii is not quite 
pcre and coniains a browniBh 
colo^ne-xnatter. 



;?. BdC hotse^s QiiM vith milk 
of Ixne - a C'^F^'*^ wecipifeKfea. 
FCter off tiie bu of ttie pradpa- 
«Aie tkzon^ fiumd, and filter 

the SItrate to one-sixth of its Tolnine and add hTdro^jori; aeid = 
Mvcipitate of vriszutic cnrstals of kipporic aeiul After tventr-fiNir 
iwant ;Le t'nia from the crrstals, redisaolTe the Iftivr in hot water, and filter 
Chroogji aniiLal charcoaL 




PM. {9.— Hipinric A^-id. 



9. Kre at iu in (C^K.y,0) is related to the kreatin of mnade. 
If kreatin be boil^ with acids or with wawr for a long time^ 
it bees water, and beeomes converted into a stiong base — 
kr^atinin. 



Qiiaiitit7, 0.5 to I gram '7 to 15 gTSw\ It is easHT soluble in water and 
al'sohoL and farms colonrleas oK:::u« rhombic crystals.' It unites with ackla, 
a:.i also with salts. chieSj wiih ZnCL : ;he kr^Aiinin-EUic<cbIoride is used as 
a zJcToscoi-ic test for i& presvu.v. it :&rely io.urs as a de}a^it, and nothing 
is knovi: o: lis ^jniral signinT^nce. 



10. Frepaimtion of EreAtinin.— ' t/ Take 250 ^ir. of urine, preeii^tate it with 
mi!k of !in^, and citer. Eraporaie ^he nli:i;'? to a STrupy consistence, and 
«ttT*rt itwhh alcoho!. FilirV, and to the nitnxe aid a 'drop or two of a 
ii*::;tia2 foiiiioD. of rin? c:.!o::ie, and se; :he vr^s^I a^ide. After 1 
kr«ktiiia-zinc-ch!->:ii* C.H-XjO, ZnO i* iei*o<::ei oa ihe sides of ihe n 

h.t To Lalf a liTr-t of --rine aid Ixiryta-niiiture iv 124' until no farther 
pr«f:iptta^on tak^ v!*ce : diter. aud evaiiorite the t.inte to a thin >ynip on 
a wat^r-bath, aid Vj iLU an ecual volume of aI>N>hoI, allov u to svind for 
tw«itT-i>::r ho-irs ii. :lt ^jId, wLrTTly ihe si^Ts are se|«arjted, £I»er. and to 
tiK fi^traie add 1-2 y^. ■:•: a wnc^niriteU il.vhoMc so! u .ion of riac Arhloride^ 
Aft^ a tfn* kreatir.ir. -ziz. :-cLlori de a^i^ri'-e* as a yellow crysVilline jowder. 
After twj» v^ thr** days iltrr. wash wiin aI?obo!, and dissolVe in WArm water, 
eikI d«wax.o^ It zj \.*'Al.ii^ for bal: in hour wi;h hyiraied lead oxide 
or earbocaV; of '.*Aii. Fil^<?r while ho;, decolorise the filtrate with aninul 
eharnal. ilter again, eraLonv? to dryn*s>, ir.d rxtr^ot the kreatinin from the 
vs^iwt with alcohol in \:.* ">:'. i. A small quantity of kreatinin remains un- 
di««(Tcd. 
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11. Tests and Reactions of Kreatinin. 

(a.) Jaffe's Test.— Examine the dKposit of the xmc compound 
microscopically. It forms roiiinl brownish balls, with radiating 
lines (fig. 70). 

(b.) Weyl'fl Test. — To urine aiMavery dilute aolutiou of sodiiun 
nitro-prusaide, and vary cautioaaly caustic soda = a ruby-red colour, 
which lb avaneacent, passing into a straw coloui'. 




12. Colouring-Uatters of the tJrine.— (I.) Kormal Orobilin, 
which is the principal colouring matter in normal urine. Add to 
urine neutral ami banic lead acetate = a precipitate of lead salts, 
which carry down witb them the colouring matter, leaTing the 
solution nearly colourless. Filter. Extract the pigment from the 
filtrate by alcohol acidulated with H^SO^. Filter = alcoholic extract 
of deep yellow colour, which can be extracted by chloroform. On 
evaporation of the cldoroform it ie deposited as a yellow-brown 
mass, which in an add solution, aliows with the spectroscope one 
absorption band close to and inclosing F at the junction of the 
blue and green. On adding as alkali the band disappears 
(AJarMunn). Its spectnim and composition are practically identical 
with choletelin CigHigNjOj, and it ie regarded as an iron-free 
derivatiTe of hsemoglobin on the supposition that it is modified 
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bile-pigment absorbed from the intestinal canal and excreted by 
the urine. 

(2.) [Febrile Urobilin. —This gives the dark colour to urines in fever. It 
seems to be a less oxidised form of urobilin, is isolated in the same way, its 
8{>ectrum shows the band near F, and two additional bands, one near D and 
one between D and £.] 

(3.) Indigo-forming Substance (Indican).— This is derived from indol, 
CjS.^if, which is develofted in the intestinal canal from the {Mincreatic diges- 
tion of proteids, and also from the jtutre&ction of albuminous bodies. It may 
also be formed from bilirubin. In urine it is a yellow pigment, and Ls more 
plentiful in the urine of the dog and horse. It exists in the urine as a 
conjugated sulpho-acid salt of potassium, viz., as indoxyl-sulphate of potas- 
sium (CgHeNSO^K). 

13. General Reactions for Urine Pigments. 

('/.) Add to normal urine a quarter of its volume of HCl, and 
boil = a fine pink or yellow colour. 

(b.) Add nitric acid = a yellowish-red colour, usually deeper than 
the original colour. 

(c.) To two volumes of sulphuric acid in a test-tube add one of 
urine, but drop the latter from a height. The mixture becomes 
more or less garnet-red if indican be present. 

(d,) Add acetate of lead - a precipitate of chloride, sulphate, and 
phosphate of lead. Filter; the filtrate is an almost colourless 
solution. This substance is used to decolorise urine for the sac- 
charimeter. 

(<?.) Filter urine through animal charcoal; the urine will be 
decolorised. 

(/.) If |)08sible, obtain a dark -yellow coloured urine, and perform the 
following test : - Take 40 drops of urine 4- 3 to 4 cc. of strong HCi and 2 to 3 
drops of HNO;, ; on heating, a violet red colour with the formation of true 
rhombic crystals of indigo-blue indicates the presence of indican. 

((J.) Test for Indican. — Mix equal volumes of urine and HCI, add, drop bv 
drop, a saturated solution of chloride of lime (i.^., bleaching powder, which 
also contains hyi)Ochlorite of calcium) = a blue colour. Shake up with chloro- 
form and the blue colour is absorbed by the latter. 

14. Phenol (carbolic acid), C,{H,0, occurs in the urine as phenol-sulphate of 
|)otassium, CtfHaO - SO., — OK. There is a corresponding salt of Cresol, most 
abundant in the urine of herbivora. Add suliihuric acid to urine until the 
latter contains 5 per cent, of the acid. Distil as long as the distillate becomes 
cloudy with bromine water. Test the distillate as follows : — 

(a.) Bromine water —precipitate of tri-bromo-phenol (CeH^BryOH). 

{b, ) Neutralise and add neutral ferric chloride = violet colour. 

(c.) Heated with Millon's reagent it gives a red colour. (See also p. 82.) 

The patholog'cal pigments — bile, blood, &c. — occurring in urine 
will be referred to later. 
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15. Mucus. — A trace of mucus occurs normally in urine. Col- 
lect fresh urine in a tall vessel, and allow it to stand for some 
time, when fine clouds ("mucous clouds") like delicate cotton- 
wool appear. These consist of mucus entangling a few epithelial 
scales. 

(a.) If the urine contain an excess of mucus, on adding a satu- 
rated solution of citric acid to form a layer at the bottom of the 
test-tube, a haziness at the line of junction of the urine and acid 
indicates mucus. There is no deposit with healthy, freshly-passed 
urine. Citric acid is used because it is heavier than acetic. 

16. Ferments in Urine. — There is no doubt that urine contains 
pepsin. Some observers state that it also contains trypsin and a 
sugar-forming ferment ; but the latter statement is denied. 

(a.) Select the morning urine, place in it for several hours fresh 
well-washed and boiled fibrin. The latter absorbs the ferment, 
and on placing it in .2 per cent. HCl at 40" C, the pepsin is 
dissolved and peptones are formed. Test for the peptones by the 
biuret reaction. 

17. Beactions of Normal Urine towards Beagents. 

(i.) Add 5 cc. of HCl to 100 of urine. After twenty-four hours crystals of 
uric acid separate out. 

(2.) Add caustic soda or ammonia '>»])recipitate of the phosphates of the 
alkaline earths, partly in an amorphous state, partly in acicular crystals. 

(3.) Acidulate with nitric acid and heat with phospho-molybdic acid = blue 
coloration due to urates. 

(4. ) Add mercuric nitrate =- white cloudiness, which disappears on shaking. 
This is a precipitate due to the formation of sodium nitrate and mercuric 
chloride (Hg(N03)2 + 2NaCl = 2NaN03 + HgCl^), soluble in acid urine. After 
all the NaCT is decomposed — ^but not until then — a permanent precipitate, a 
compound of urea and the mercury salt, forms. 

(5. ) Silver nitrate = white precipitate of AgCl and Ag3P04 ; the latter falls 
first, and afterwards all the silver combines with the chlorine. The precipi- 
tate is insoluble in HNO3 but soluble in NH4HO. 

(6.) Barium chloride = white precipitate of BaS04 and Ba.(P04)2. 

(7.) Lead acetate = whitish precipitate of PbS04, PbClg, Pb;,(P04)2, and the 
pigments. 

(8.) Ferric chloride after acidulation with acetic acid = precipitate of 

(9.) An ammoniacal solution of cupric oxide is decomposed and decolorised 
at the boiling-point by the urates. 
(10.) Tannic acid » no precipitate {Krukenherg), 

18. Estimation of Uric Acid. — This is sometimes done by the method (2, a), 
but it is not accurate, (a. ) Haycraft's Method depends on the formation of urate 
of silver, which is practically insoluble in water or acetic ?icidi {British Medical 
JoumaJy 1885). The urate of silver is of a slimy nature and must be washed 
on an asbestos filter. The titrtttion of the silver compound is by means of 
Volhard's ammonium thio-cyanate method (Sutton's Volumetric Analysis^ 5th 
edit, 1886, pp. 116, 324). 



136 



PRACTICAL PHYSIOLOGY. 



[XXL 



(b,) Hopkin*8 Method. — Saturate the fluid with crystals of ammonium 
chloride = ammonium urate. Collect the precipitate and dissolve it in weak 
alkali. Beprecipitate by HCl = precipitate of uric acid, which is dried and 
weighed. 

19. Average AmourU of the Several Urinary Constituents Passed in Twenty- 
four Hours hy a Man Weighing 66 kilos. 

Grams. 
Water 1500 



Total solids 

Organic solids— Grams. 

Urea . . . .33.18 

Uric acid 55 

Hippuric acid . . . .40 
Kreatinin . . . .91 
Pigment and other sub- 
stances. • • • 10.00 



72 

Tnorganir. solids — 
Sulphuric acid 
Phosphoric acid 
Chlorine 
Ammonia 
Potassium 
Sodium . 
Calcium 
Magnesium . 



Grams. 
2.01 
3.16 
7.00 
0.77 
2.50 
11.09 
0.25 
0.21 
— Parkes* 



LESSON XXL 



ABNORMAL CONSTITUENTS OP THE URINE. 

Some of the substances referred to iii the subsequent lessons are 
present in excessively minute traces in normal urine — e,g.y sugar; 
and in the urine of a certain percentage of persons appar- 
ently enjoying perfect health, minute traces of albumin are some- 
times present. When, however, these substances occur in con- 
siderable quantity, then their presence is of the utmost practical and 
diagnostic value, and is distinctly abnormal. It is quite certain 
that serum-albumin is never found in any considerable amount in 
normal urine. 

1. Albumin in Urine. — When albumin occurs in notable quantity 
in the urine, it gives rise to the condition known as albuminuria. 
Albuminous urine is not unfrequently of low s.g., and froths 
readily. 

Various forms of proteid bodies may occur in the urine. The 
chief one is sermn-albumin ; but, in addition, serum-globulin, 
albimiose, peptone, acid-albumin, and fibrin may be found. 

2. Tests. — In every case the urine must be clear before testing, 
which can be secured by careful filtration. 

(a.) Coagulation by Heat. — If the urine is acid place 10 cc. 
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of urine in a test-tube and boil. Near the boiling-point, if albumin 
be present in small amount, it will give a haziness; if in large 
amount, a distinct coagulum. On standing, the coagulum is 
deposited. Some prefer to boil the top of a long column of 
urine in a test-tube. If the urine be acid, then any haziness 
formed is readily seen against the clear subnatant fluid. 

FrecautionB. — (i. ) Always test the reaction of the urine, for albumin is only 
precipitated by boiling in a neutral or acid medium. Hence if the urine be 
alkaline, boiling will not precipitate any albumin that may be present, (ii.) 
Boil the upper stratum of the fluid first of all, holding the tube obliquely, 
taking care that the coagulum does not stick to the glass, else the tube is 
liable to break, (iii.) Heat, by driving off the COj, also precipitates car^^?/ 
phosphates if they are present m large amount, hence a turbidity on boiling 
is not sufficient proof of the presence of albumin. The points of distinction 
are, that albumin goes down before the boiling-point is reached (coagulated 
at 75° C), while phosphates are precipitated at the boiling-jwint. Again, 
the phosphatic deposit is soluble in an acid — e.g., acetic or nitric — while the 
albuminous coagulum is insoluble in these fluids. Some, therefore, advise 
that the test be done in the following manner : — 

(/>.) Acidulate the urine with a few drops of dilute acetic or 
nitric acid, and then boil. If nitric acid be used, add one-tenth to 
one-twentieth of the volume of urine. 

Precautions. — If the urine contain only very minute traces of albumin, the 
latter may not be precipitated if too much nitric acid be added, as the acid 
albumin is kept in solution. If too little acid be added, the albumin may not 
be precipitated, as only a part of the basic phosphates are changed into* acid 
phosphates, and the albumin remains in solution as an albuminate (a com- 
pound of the albumin with the base). On heating the urine of a pei*son who 
IS taking copaiba, a deposit may be obtained, but its solubility in alcohol at 
once distinguishes it from coagulated albumin. This test acts with serum - 
albumin and globulin, and if the deposit occurs only after cooling, also with 
albumose, but not with peptone. 

(c.) Heller's Cold Nitric Acid Test. — Take a conical test-glass, 
and place in it 15 cc. of the urine. Incline it, and pour slowly 
down its side strong nitric acid = a white cloud at the line of 
junction of the fluids. 

Precautions. — A ci-ystalline deposit of urea nitrate is sometimes, though 
very rarely, obtained with a very concentrated urine. If the urine contain a 
large amount of urates, they may be deposited by the acid, but the dejiosit in 
this case occurs above the line of junction, and dfisappears on heating. It is 
not obtained if the urine be diluted beforehand. 

(</.) Acidulate 10 cc. of urine with acetic acid, add one-fifth of its bulk of a 
saturated solution of magnesium or sodium sulphate, and boil = a precipitate. 

{e.) Acetic Acid and Potassium Ferrocyanide. — Acidify strongly with 
acetic acid, and add a solution of potassium ferrocyanide = a white precipi- 
tate, varying in amount with the albumin present. The reaction may be 
done as follows : — Mix a few cc. of moderately strong acetic acid with some 
solution of potassium ferrocyanide, and pour this over some urine iua.t^'&l-'^.xbk^^ 
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LESSON XXII. 
BLOOD, BILE, AND SUGAR IN URINE. 

1. Blood in Urine (Hsematuria). 

The Blood may come from any part of the urinary apparatus. 

If from kidney y it is usually small in amount and well mixed with the 
urine, and the microscone may reveal the presence of ** blood-casts," i.e., 
Dlood-moulds of the renal tubules. Large coagula are never found, and the 
urine not un frequently is "smoky." From the bladder or urethra, usually 
the urine is bright red, and relatively large coagula are frequently present. 
In all forms, blood -corpuscles are to be detected by the microscojie, and 
albumin by its tests. 

(a.) Examine the naked-eye characters of a specimen. It may 
be any tint from red to brown, but if the blood is well mixed with 
the urine, the latter usually has a " smoky " appearance. 

(h.) Microscope. — Collect any deposit and examine it microscop- 
ically for blood-corpuscles, which, however, are frequently dis- 
coloured or misshapen. 

(c.) Spectrum. — Examine for the spectrum of oxy haemoglobin 
or met-haemoglobin (Lesson VI. 6, 1). 

{(I,) Guaiacmn Test. — Mix some freshly prepared tincture of 
guaiacum with urine, and pour on it some ozonic ether; a blue 
colour indicates the presence of haemoglobin. This reaction may 
be done on filter-paper. 

{c.) Heller's Blood Test. — Make the urine strongly alkaline with caustic 
soda, and boil. On standing, a deposit of earthy phosphates, coloured red or 
brown by hamatin, occurs, the deposit carrying down the altered colouring- 
matter of the blood with it. This is not a satisfactory test. 

(/.) The urine gives the reactions of albumin. 

2. Hsemoglobinuria. 

This term is a])plied to that condition where haemoglobin is excreted 
through the kidney as such, and is not contained within the blood-corpuscles. 
The urine contains haemoglobin, but not the blood-corpuscles as such. It 
occurs when blood-corpuscles are destroyed within the blood-vessels, as after 
the transfusion of the blood of one species into the blood-vessels of another 
siMJcies ; after the transfusion of warm water ; the injection of a solution of 
hrcmoglobin into a vein ; and after extensive destruction of the skin by burn- 
ing. It also occurs in purpura, scurvy, often in typhus or scarlet fever, 
pernicious malaria, in "periodic htemoglobinuria," and after the inhalation 
of ai*seniuretted hydrogen. 

('/,) The urine gives the same reactions as in haematuria, but no 
blooil corpuscles are detected by the microscope. 
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3. Bile in Urine. — The biliary constituents appear in the urine 
in cases of jaundice and in poisoning with phosphorus. One may 
test for the bile-pigments, or the bile-acids, or both. 

A. Bile-Pigments. 

(a.) Colour. — The urine has usually a yellow or yellowish- green 
colour, and it froths very easily when shaken. Filter-paper dipped 
into it gives a yellow stain on drying. 

(6.) Gmelin's Test (Nitric acid containing Nitrous acid). — (i.) 
Place a few drops of the suspected urine on a white porcelain plate, 
and near it a few drops of the impure nitric acid ; let the fluids run 
together and the usual play of colours is observed (Lesson XI. 6). 
(2.) Take urine in a test-tube, pour in the impure HNOg until it 
forms a stratum at the bottom ; if bile-pigments be present, at the 
line of junction of the fluids a play of colours takes place — from 
above downwards — green, blue, violet or dirty red, and yellow. 
Nearly all urines give a play of colours, but green is the necessary 
and characteristic colour to prove the presence of bile-pigments. 
(3.) Rosenbach's Modification. — Filter the urine several times 
through the same filter, dry the filter-paper, and to it apply the 
impure nitric acid, when the same play of colours is observed. 

(c.) A solution of methyl-violet poured on icteric urine by the contact 
method gives a bright carmine ring at the point of contact. 

(rf.) If much bile-pigment be present, the following test succeeds: — Mix 
the urine with caustic potash ( i KHO to 3 water), and add hydrochloric acid. 
The fluid becomes green, due to the formation of biliverdin. 

B. Bile-Acids (Glycocholic and Taurocholic acids). 

(a.) Pettenkofer's Test. — Add to urine a few drops of syrup of 
cane-sugar (8 per cent.), mix them, and pour strong sulphuric acid 
down the side of the tube until it forms a layer at the bottom. 
The temperature must not rise above 70° C, nor must the urine 
contain albumin. At the Hne of junction a cherry-rea or purple- 
violet colour indicates the presence of the bile-acids. Or proceed 
as follows : — Shake the tube with the urine and the syrup to get a 
froth, and when the sulphuric acid is added the froth shows the 
colour. N.B. — The test in this simple form often fails with urine, 
and in fact there is no satisfactory simple test for minute quantities 
of these acids in urine. 

(h.) Strasburger's Modification. — Dissolve cane-sugar in the suspected 
urine, dip into it filter-|)aper, and allow this to dry. Touch the paner with a 
glass rod dipped in strong sulphuric acid, a purple-violet colour indicates the 
presence of the bile-pigments. 

(c.) Sulphur Test.— Try this (Lesson XI. 5). 

4. Sugar in Urine (Glycosuria). — Briicke maintains that the 
merest trace of glucose or grape-sugar is normally present in urine. 
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In diabetes mellitus, however, it occurs in considerable amount, and 
is, of course, then quite abnormal. 

Characters of Diabetic Urine. 

(i.) The patient usually passes a very large quantity of urine, 
even to 10,000 cc, and although the quantity of fluid is large 

(2.) The specific gravity is high — 1030 to 1045 — due to the 
presence of the grape-sugar. N.B, — When the quantity of urine 
is above normal, and the specific gravity reaches 1030, suspect the 
presence of grape-sugar. 

(3.) The colf/ur is usually a very pale straw, from the dilution — 
not diminution — of the urine pigments. The urine is often some- 
what turbid. 

(4.) It has a heavy sweet smell, and usually froths Avhen poured 
from one vessel into another. 

5. Tests for Grape Sugar. — In all cases remove any albumin 
present, i.e., acidulate with acetic acid, boil, and filter. 

{a. ) Moore's Test. — To urine add an equal volume of caustic soda or potash, 
and boll the upper stratum of the fluid. If much sugar be present, a dark 
sherry or bistre-brown colour is obtained. The colour may vary from a li^ht 
yellow to a dark brown (due to the formation of glucic and melassic acids), 
according to the amount of sugar present. This is not a delicate test. 

(6.) Trommer's Test. — Add to the urine one-third its bulk of 
caustic soda solution, and then a few drops of a solution of cupric 
sulphate, and a clear blue solution of the hydrated oxide is 
obtained. Boil the upper stratum of the fluid. If sugar be 
present, a yellow or yellowish-red ring of reduced cuprous oxide 
is obtained. 

(r.) Fehling's Solution is alkaHne potassio-tartrate of copper 
(K2Cu2C4H40g). Place some FeliHug's solution in a test-tube and 
boil it. If no discoloration (yellow) takes place, it is in good con- 
dition. Add a few drops of the suspected urine and boil, when 
the mixture suddenly turns to an opaque yellow or red colour, 
which indicates the presence of a reducing sugar. 

(d.) Bottger's Test. — Mix the urine with an equal volume of sodium 
carbonate solution, add a little basic bismuth nitrate, and boil for a short 
time. A grey or black deposit indicates the presence of a reducing sugar. 

(e.) Picric Acid.— To the urine add an equal vohime of a saturated watery 
solution of picric acid, and then caustic potash. Boil, an intensely deep red 
or reddish-brown colour indicates the presence of a reducing sugar. The 
larger the amount of sugar, the deeper the tint. The colouration is due to 
the formation of picramic acid. 

(/.) Phenyl-Hydrazin. — Eepeat this as described in Lesson III. 
This is a rehable test. 



XXIII.] QUANTITATIVE ESTIMATION OF SUGAR. 143 

{g.) Indigo-Carmine Test. — To the urine add sodium carbonate solution and 
indigo-carmine solution until a blue colour appears. Boil, and a yellow colour 
is obtained, if sugar be present, owing to the reduction of indigo-blue to indigo- 
white. Pour the fluid into a cold test-tube, when the blue colour is restored, 
a beautiful play of colours intervening between the yellow and the blue. This 
is not a satisfactory test. 

(h.) Repeat Molisch's test (Lesson I.). 

6. Preparation of Fehling's Solution. — Solution A. 34.64 grams of pure 
crystalline cupric sulphate are powdered and dissolved in 500 cc. of distilled 
water. Solution B. In another vessel dissolve 173 grams of Rochelle salts 
(sodio-potassium tartrate) in 100 cc. of pure caustic soda, sp. gr. 1.34, and add 
water to make 500 cc. Keep the two solutions separate in stoppered bottles,! 
and mix them as re(]uired. On mixing equal quantities of A and B, a clear deep 
blue fluid is obtained, the Rochelle salt holding the cupric hydrate in solution. 

iV.i?.— Fehling's solution ought not to be kept too long ; it is apt to decom- 
pose, and should therefore be kept away from the light, or protected with 
opaque paper pasted on the bottle. Some other substances in urine — e,g., urici 
and glycuronic acids — reduce cupric oxide. In all cases see tliM there is ami 
excess of the test present. 



LESSON XXIII. 

QUANTITATIVE ESTIMATION OP SUGAR. 

1. By the Saccharimeter. 

Study the use of some form of saccharimeter. The portable form made by 
Zeiss is very convenient. A coloured urine must first be decolorised by acetate 
of lead [Lesson XX. 13 (<^.)]. 

2. Diabetic Urine. Volumetric Analysis by Fehling's Solution. 

— 10 cc. of Feliling's solution = .05 gram of sugar. 

(a.) Ascertain the quantity passed in twenty-four hours. 

(h.) Filter the urine, and remove any albumin present by boUing 
and filtration. 

(c.) Dilute 10 cc. of Feliling's solution with about five to ten 
times its volume of distilled water, and place it in a white porcelain 
capsule on a wire gauze support under a burette. [It is diluted 
because any change of colour is more easily observed.] 

(d.) Take 5 cc. of the diabetic urine, add 45 cc. of distilled 
water, and place the dilut&l urine in a burette. Diabetic urine 
usually contains 4 p.c. or more of dextrose, and as the solution to 
be tested should not contain more than 0.5 p.c. of dextrose, hence 
the necessity for diluting the urine. 

{p.) Boil the diluted Feliling's solution, and whilst it is boiling 
gradually add the diluted urine from the burette until all the 
cuprous oxide is precipitated as a reddish powder, and the super- 
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nntant fluid hcu a straw-yellow colour, not a. trace of blue romain- 
ing. This is best seen wlien the capsule is tilted. It ia 
advisable to spend too rauch time in determining when tbe blue I 
colour disappears, as it is apt to return on cooling. It is sometimea \ 
difficult to determine when all the blue colour has disappeared. 
The following process ia useful. Filter a little I 
of the hot flniil, acidulate with acetic acid and 1 
add potassic ferrocjanide. If copper is present 
a brown colour or precipitation is produced, 
tbiu be so, add more urine uutil no brown colour { 
is produced. 




[Favy'i modiflcatitm or Fehling'g aolutiou U i 
used. In it &iniiioniai holds the coiipoF in solntion, so 1 
that there is no yelloir or red jireeijiitate formfid, as the I 
ammonia holds the oxide in solution. The reductioa ] 
is complete when the hliie coloar disaj)]>eara. lo oc. ' 
Pavy'x Feliling— 1 cc. Fi^hlhig — s milhgiiima of dsz- { 
ti'ose.] 

(/.) Read oiT tlie number of cc. of dHuttM 
urine employed. If iS cc. were used, this, fdM 
course, would represent i.S cc. of tbe originalM 

(r/.) Make a second determination, using thel 
data of tbe first, and ii ' ' 
a little less of the dilute urine tban was requirodi 

at first. 

Example.— Suppose tbe patient passes Ssjo-I 
cc. of urine, then as i.8 cc. of urine reduced all ] 
tlic cupric oxide in the lo cc. of Febliiig's solu- I 
tion, it must contain 0.5 gram sugar; bence 

855° X ■°5 ^, 



'■^i^y:^ 



[.8 : 8550 : : 
iugar passed i 



■05-'- 
twenty -four houra. 



237.5 gi-aniso; 



3. Ficro-SaccbBrmieter of Gr. JohnBon. 



(1.) A Bohition of ferric aCBtata the colour of whi 
by a solution of Bugsr containing J giain per lluid 

(i.) 3a,turated a^utjou of picric acid. 

(3.) Liquor potaB5n!|B.P.). 

(n.) Measure I Huid dmchm of uriiia into the boiling tuha, 
of liquor pota^sK and 80 miiiimB of the saturated solutio 
Hake up to the 4-dnicbm mark on the tube with distilkd 
QUO minute. 



equal to that yielded 
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(h.) Dip the tube in cold water to cool it. The volume must be exactly 4 
drachms. If it is less, add water ; if more, evaporate it. If the colour of the 
boiled liquid is the same as that of the ferric acetate J-grain staudard, or 
paler, the urine contains i grain of sugar per fluid ounce, or less. 

(c.) Should the colour be darker than the standard, place some of the boiled 
liquid in the graduated stoppered tube (fig. 72) to fill ten divisions of the 
scale, while the stoppered tube affixed to the fonner is filled with the SS. of 
ferric acetate. Fill up the graduated tube with distilled water until the dark 
red liquid has the same colour as that of the SS. These tints are best compared 
in the fiat-bottomed tubes supplied with the apparatus. 

(d.) Read off the level of the fluid in the saccharimeter, each division 
above 10— 0.1 grain per fluid oz. Thus, 13 divisions — .3 grains per fluid oz. 

{e. ) If more than 8 grains per oz. are present, further dilution is required. 
FuJU instructions are supplied with the apparatus. 



4. Fermentation Method. — Sir William Roberts has devised a method 
depending on the diminution of the specific gravity which the fluid undergoes 
during fermentation. Every degree lost in the sp. gr. corresponds to i 
grain of sugar in a fluid ounce. Recently a modification of this method has 
been introduced in Germany under the title of Einhom*8 Fexmentation 
Saccharometer (fig. 73). Estimate the specific gravity of the urine, which is 
diluted according to the specific gravity as follows. If the urine have a 

Sp. gr. loi 8-1022, dilute it with 2 vols, wator. 
1022-1028, ,, „ 5 
1028-1038, „ „ 10 






ft 



tt 



Measure 10 cc. of the urine, and, by means of a pipette, place it in the appa- 
ratus. Add I gram of yeast to the urine in the tube, incline the latter until 
the fluid flows into the limb of the latter. Let 
the apparatus stand at the ordinary temperature 
for fifteen hours, and then the quantity of CO2 
given off is read off. The scale on the tube is 
empirical, and indicates directly the percentage of 
sugar in the urine. 

5. Acme Sacchar-Ureameter (fig. 74). — This is 
a simple apparatus for the direct estimation of sugar 
and urea in urine ; the former by the fermentation 
test, the latter by the hypobromite. 

Estimation of Sugar. —Measure i volume of the 
urine in the tube so marked, and pour it into the 
bottle a. Wash out with water, and add to the 
urine. Dilute further with water if the urine 
contains much sugar. Acidify the urine with 
tartaric acid until acid to test-paper (f-i per cent, 
of free acid). Add a few grains of yeast, and 
connect up the apparatus. The measuring-tube b 
is filled to zero with a saturated solution of common Fi<*- 73'— ElDhom's Fermen- 
salt (the CO, is soluble in water). When b is **^<»° Saccharometer. 
full, c must be empty. Place the whole in a 

moderately warm place — the surrounding temperature should be such as to 
enable it to rise to 92''-94'' F. When the fermentation ceases^r from time 
to time during the time of fermentation — lower e until the levels of brine are 
equal. Allow it to cool, and read off the result 
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6. Aceto-Acetio Add is foand in cerbiiii diabetia nrines, but oot in al 
(n.) To the urine add ferrio olilotida ; a red colour is obtained if this Boid 
be presaut. If there is ■ 
deposit of pbaaphsiteB, filter. 
The colour diwppeara e 
heating. 

If a diabetic urine 001 
taining oceto-ocetio scid ba 
distilled, this acid is di 
composed, and oceton i 
obtained. 



(CjHjO).— To obtain the 
aceton, acidulate half a 
litre of urine with HOI. 
The distillate will git 




Lieben*« T«Bt,— To 



dissolved with the aid of 1 
potasiiic iodide, and t~ 
caustio aoda. A yellow 
precipitate of iodoform is 1 
obtained. The precipitata 
is generally deacribed as I 
forming hexagonal plateaoi 
radiate stars, but I bare | 
generally found it to h 
amorphous or granolar 
Other substances give tfaa 
iodoform reactiDn. 

{b.) Smell the peculiai 
ethereal odour of aceton. 

(t.) Legal-* Tew,.— Add 
caustic soda solution, and 
then a solution of freshly* 
prepared sodium nitro- 
priisside and acetic acid — a 
red colour. 

In all cases employ both 

tests, but they only give 

GibbB, decided reaction in urin 

when the aceton is in ooi 

siderable amount. To be 

considerable amount of the n " 

the distillate. 

B. Teata for PhenoL— The method of obtaining phenol from its compound - 

in the nrine is given at p. 134. To a watery solution of [ihenol— 

(a.) Add lerric chloride — a bluish- violet colour. 

{A.} Add broraiiiD water-a yellow (or rather white) precipitate of bromina "i 

compounds. 

(c.) Add Millon's reagent — a beautiful rcrf colour or deposit. This reaction 
ia aided by heat 
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9. Pyrocatechin is sometimes found in nrine. The method of obtaining it 
requires too much time to be done in this course. 

Tests. 

(a.) To a dilute solution add ferric chloride^ a green colour, which becomes 
violet on the addition of sodic bicarbonate. 

(5.) Add ammonia and silver nitrate, which giye a }>l<ick precipitate of 
reduced silver. 



LESSON XXIV. 

URINARY DEPOSITS— CALCULI AND GENERAL 
EXAMINATION OP THE URINE. 

1. Mode of Collecting Urinary Deposits.^-(i.) Place the urine in 
a conical glass, cover it, and allow it to stand for twelve hours. 
Note the reaction before and after standing. With a pipette 
remove some of the deposit and examine it microscopically. 

(iL) Dr. Harris has published the following {Brit Med. Jowr.^ 
1894, vol. i. p. 1356) : — The urine is placed in a tube drawn to a 
fine point, and fixed in a vertical position in a clamp. The pointed 
end is down, and after being filled it is corked tight. After the 
deposit subsides and collects in the lower pointed end of the tube, 
a small quantity of it may be obtained by clasping the tube with 
the warm hand or by pushing in the cork slightly. 

(iii.) Centrifuge.— By means of a small hand centrifuge (fig. 75, 
reduced to ^), as made by Muencke of Berlin, any deposit in urine 
is readily collected at the bottom of a test-tube. The disc I, bear- 
ing the tubes G, can be made to rotate 3000 to 5000 times per 
minute. Fig. II. shows the disc in full rotation, and III. the form 
of glass vessel used. 

There are two classes of deposits, organised and unorganised. 

ORGANISED DEPOSITS. 



1. Pus (p. 147). 

2. Blood (p. 140). 

3. Epithelium. 

4. Renal tube casts. 



5. S|)ennatozoa. 

6. Micro-organisms. 

7. Elements of morbid growths 

and entozoa. 



2. Pub in Urine (Pyuria) produces a thick creamjr yellowish-white sedi- 
ment after standing, although its appearance varies with the reaction ot the 
urine. If the urine be ocirf, the precipitate is loose, and the pus-corpuscles 
discrete ; if alkaline, and especially from ammonia, it forms a thick, tough, 
glairy mass. The urine is usually alkaline, and is always albuminous, and 
rapidly undergoes decomposition. Pus is found in the urine in leucorrhoea 
in the female, gonorrhoea, gleet, cystitis, pyelitis, from bursting of an abscess 
into any part of the urinary tract, &c. 
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(n.) Donae'H Test— Filter off Llie Suid, and udd to the deposit a. smsU I 
piece of caUHtic [K)ta»h, or a. few drops of strong aaliition of caiiattc pot&sh ; I 
the daposit becomes ro]iy and gelatinoua, and cannot be dropjwd from one j 
vessel intci another — due to the formation of alk&li-albumiTi ; the deposit ts'l 
pus. The same reagent with muciui causes the deposit to become more Quid, j 
and limpid, to clear up, and look Itko unboiled white of egg. 







pns- corpuscles are seen, which, ■ 
tri-partite nucleus. Thia twil ii 
abKolutelj conduflire. 

(n. ) Urine contsiiiing pus gives the reactions for albumin, while, if n: 
iloae be present, it gives only those for mncia. 
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UNORGANISED DEPOSITS. 

■ ■ A, In Acid Urink. B. Ik Alkaline Urinb. 



1. AmorpJuna, 

(a.) Dntoa.— Solnblewhenhested, 

red«iKi8ited in tlie cold ; vhen bjdro- 
chlorio acid is added microBcoptc ciys- 
tals of nric acid are formed — ntates. 

{b.) Irlbasia FboBphate at Lime. 
— Not dissolved by heat, but disap- 
pears without effsrsEseenoe on adding 
acetic acid. It is probably tribasio 
phoephata of lime (Caj2P0j). 

(e.) Oil aiobules, — Very smftll 
highly refractive globules, soluble in 
ether (very rare). 

2. Oi-yatalline. 

(a.) Uric Acid,— Keoognised by the 
shape and colour of the crystals and 
thmr BOlability in KHO. 

ib.) Oxalate of Lime.— Octahedral 
crystals, insoluble in acetic acid (fig. 
76). 



(rf.) Leudn and Tyrosiii (very 
rare). (Fig. 79-) 
(e.) Oholeatwitt (yery rare). (Fig. 



I, Amorphoua. 
) Tribtudc Fboqjhate of Lime 

JTse in acids mthout efleivea- 



2. OryslalUne. 
(a.) Triple Fhoaphate.— Shape ol 

the cryataln (Imiferest or coffin-lid), 
soluble in acids. 

{b.) Acid Ajnmonlnm Urate, — 
Small dark balls, often covared with 
spines, and also amorphous grauulea 

(fig. in 

(c.) Carbonate of lame. — Small 
colourless balls, olteu joined ta each 
other ; effervescence on adding acids 
(microscope), 

{d.) CryBtalline Phosphate of 

(«.) LeDoinaiidIyiMin(Tei7rare). 

(Fig. 79) 



8, Urinary Calculi. 







* 



Fio. 76.— Oxalate of Ume. 
bedra and Boiir.(lua ton 
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C^ 



s then ds^^^H 



Q plioagihatea o 



portion oftilood-clot, or some albuminoid matter— in vhichorjeUIa of oialatS 
of lime or globul&r urates become flutAngleii. Layer after layer is then 
posited. In certain cases the nnclens nwy i 
aist of > foreigD body iDtroduced ^m irithonb] 
Oalcnli are sonietinies classified as f/rimary — 
Komdary ; the former are due to some gan 
alteratioD in the oomponttion of the urine, wliilrt 
the Iatt«r are due to ammaniacal decomposition 
I, resulting in the precipitation of 
itones already formeiL This of 

. _. . mportant bearing on the treat- 

V (~\-^ ment of ia]cu!oiiH diaordera. Calculi occur in 

V:^~~) acid aud alkaline urine. A highly add urine 

^~'^ faioura the formation of uric oc'd caloult, becsBM 

Fra. 7e.~C)'iilfn. that subatance is most insoluble in verv ' ' 

urine. A highly aikaline urine fevours th« 

niation of calculi conaiating of tnlciiim }ihoiphate or IripU pheapkaU, aa ' 

■nbataocea are insoluble in alkalies urine. 

4. Method of E]:aminiiig a Calculus. 

('»,) Make a section in order to see if it consista of one or i 
substancea ; examine it witli the naked eye, and a portion m 
scopicaUy. 

(/>.) Hciupc ofT a little, and heat it to redness on platinum foil-J 
a Bunseu-buiiier. 




Fio. ig.—a.a. Leacln balls : b.t. Tjroeln Bbeavsi ; « Double balb of 



(A.) If it be entirely combmtible, or almost bo, it may consiat o( J 
uric acid or urate of ammomum, xonthin, cystin, coagulated fibrin 1 
or blood, or ureostealith. 
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(B.) If incombustible^ or if it leaves rrmch ashy it may consist of 
urates with a fixed base (Na, Mg, Ca), oxalate, carbonate, or 
phosphate of lime, or triple phosphate. 

5. A. Combustible. — Of this group, uric acid and urate of 
ammonium give the WMvexide test, 

(i.) Uric Acid is by far the most common form, and constitutes 
five-sixths of all renal concretions. Concretions the size of a 
split-pea, or smaller, may be discharged as (jraveL When retained 
in the bladder, they are usually spheroidal, elliptical, and some- 
what flattened; are tolerably hard; the surface may be smooth 
or studded with tine tubercules; the colour may be yellowish, 
reddish, reddish-brown, or very nearly white. When cut and 
polished, they usually exhibit a concentric arrangement of layers. 
Not unfrequently a uric acid qp,lculus is covered with a layer of 
phosphates, and some calculi consist of alternate layers of uric 
acid and oxalate of lime. Its chemical relations : nearly insoluble 
in boiling water; soluble in KHO, from which acetic acid preci- 
pitates uric acid crystals (microscopic); gives the murexide test 
(Lesson XX. 3). 

(ii.) Urate of Ammonium Calculi are very rare, and occur 
chiefly in the kidneys of children ; they form small irregular, soft, 
fawn-coloured masses, easily soluble in hot water. 

(iiL) If the calculus is combustible and gives no murexide test, 
it may consist of xanthin, which is very rare, and of no practical 
importance. 

(iv.) Cystin is very rare, has a smooth surface, dull yellow 
colour, wliich becomes greenish on exposure to the air; and a 
glistening fracture with a peculiar soapy feeling to the fingers; 
soft, and can be scratched with the nail. It occurs sometimes in 
several members of the same family. It is soluble in ammonia 
and after evaporation it forms regular microscopic hexagonal 
plates (fig. 78). 

The other calculi of this group are very rare. 

6. (A.) Group. — Apply the Murexide Test, 

It is ( Treat the original powder with ) No odour = Uric acid, 
obtained \ potash. J Odour of N H3 =• -<4 mmonium urate. 

The residue is not coloured, but becomes yellowish-red \ ^ Xanthin 

on adding caustic potash f ^ 

The residue is not coloured either by KHO or NH4HO ; ) 

the original substance is soluble in ammonia, and > = Cystin, 

on evaporation yields hexagonal crystals . . ) 
On heating, it ^ves an odour of burned feathers ; the \ 

substance is soluble in KHO, and is precipitated V'^Proteid, 

therefrom by excess of HNO3 • • • , ) 
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7. B. Incombustible. 

(i.) Urates (Na, Ca, Mg), are rarely met with 
stituent. They give tliB mureicide teat, 

(ii.) Oxalate of Lime or mulberry calculi, s 
their surface is usually tubercuLated or warty ; 
dark-brown, or black These calcuh, from their Bhape, caaee 
great irritation of the urinary mucous membrane. When in the 
form of gravel, the concretions are usually smootli, variable in 
size, pale-grey in colour Layers of oxalate of lime frequentty 
ftltaTiate with unc a^id When heated it blackens, but does not 
fuse, and then becomes white, being converted into the carbonate 
and oxide. The white mass is alkaline to teat-paper, and when. 
treated with II(J1, it effervesces (CO^). Oxalate of lime is not 
dissolved by acetic acid. 

(iii.) Carbonate of Lime,— Bare in man; when met with, they 
usually occur in large numbers. Dissolve with effervescence in 
HCl. Sometimes crystals occur as a deposit. They are common 
in the horse's urine. 

(iv.) Basic FhoBphate of Lime Calculi are very rare, and are 
white and chalky. 

(v.) Mixed PhoBphatea (Fusible Calculns) consist of triple- 
phosphate and basic phosphate of lime. They indicate that the 
urine has been ammoniacal for some time, owing to decomposi- 
tion of the urea. They are usually of considerable size, and 
whitish ; the consistence varies. When triple-phosphate is moat 
abundant, they are soft and porous, but when the phosphate of 
lime is in excess, tliey are harder. A irhitish deposit of phoa- 
phatea ia frequently found coating other calculi. This ocoura 
when the urine becomes ammoniacal, hence in such cases regard 
must always be had to the condition of the urinary mucous 
membrane. Such calcuE are incombustible, but, when exposed to 
a strong heat, fuse into a white enamel-like mass, hence the name, 
fusible calculi. 

8. (B.) Group. 

(i,) The sabstaaee gives the murexide readiim, indicatea urates. 
The residue is treated with water. 
It ia soluble, and ( Neutralise ; add platinic chloride, a yel- 1 



ths solution ia '. low precipitate . 

alkaline . . ( The residue yields a, yellow fit 

Aralnoniuin oxalate gives a white crya- 



Scarcely soluble ; 
tlie solution is 

line ; soluble in 
soetio acid 



Ullin 



preci] 



I'olassiwia. 
~ Sodium. 
= Caleium. 



Ammonium oxalate gives no precipitate 

but on adding ammonium chloride 

Sodic phosphate, and ammonia, then 

ia a crystalline precipitate o( triple 

, plioaphate .... 
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(iL) The original substance does not give the murexide test. 
Treat the original substance with hydrochloric acid. 

It dissolves with effervescence .... -{^^^J^^tir* 
( It dissolves with effervescence . . — CaZciwm oxalate. 

It melts. ^T1^^^^^o^ 
The origi- P' ^^ ^ ^ ® M - THplephosphaU, 



It dissolves 
without ef- 
fervescence. 
Heat the 
original sub- 
stance, and 
treat it with 
HCl . 



There is no 
effervs'ce. 
Heat in a 
capsule 



here is no ?*^ ®*^^! f E v o iVe s no 1 at * , i^ 
effervs'cG J treated j^„ \ " Nevi. eaXe. phosp, 

?i.J7L:1 withKHo; ^^»- -^ 

es not"! 
ton}-, • • ''Ad 

ing J 



It does not 

melt on}- • • • ^ Add cole, p?u)sp. 
heating 



t 



9. Creneral Examination of the Urine. 

ii.) Quantity in twenty-four hours (normal 50 oz., or 1500 cc). 
ii) Colour, Odour, and Transparency (if bile or blood be sus- 
pected, test for them). 

(iii.) Specific Gravity of the mixed urine (if above 1030, test for 
sugar). 

(iv.) Beaction (normally slightly acid ; if alkaline, is the alkali 
volatile or fixed ?). 

(v.) Heat. 

(a.) If a turbid urine becomes clear = urates, 

(b.) If it becomes turbid = earthy phosphates or albumin. 
Albumin is precipitated before the boiling-point is reached (73* 
C), whilst phosphates are thrown down about the boiling-point. 
It is necessary, however, to add HNO3, which will dissolve the 
phosphates, but not the albumin. A case may occur where both 
urates and albumin are present ; on carefully heating, the urine 
will first become clear (urates), and then turbid, which turbidity 
will not disappear on adding HNO3 (albumin). Estimate approxi- 
mately the amount of albumin present. 

(vi.) Test for Chlorides, with HNO3 ^^^ AgNOg (if albumin be 
present, it must be removed by boiling and filtration). 

(vii.) If sugar be suspected, test for sugar (Moore's, Trommer's, 
or Fehling's test), and if albumin be present, remove it. 

(viii.) Make naked-eye, microscopic, and chemical examinations 
of the sediment. 
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B on the Foregoing. 

A. The student muat practise the analysis of fluids containing 1 



of the substances referred to i 



the 



No hard aud fast rule can be laid down for the examination of ■ 
the fluids met with in physiological work at all comparable with the 
method employed in inoiganic chemistry. To begin with, the 
student must be largely guided by the jthysical characters, ^colour, 
smell, taste, etc.— of the fluid he is dealing with, and these will 
usually give )iim a satisfactory clue as to the chemical tests he 
should employ. 

N.B. — In all cases concentrate some of the fluid for subsequent 
use if required, and complete the concentration on a water-bath to 
avoid overheating or charring. 

A KolouHem solution should be examined for protoids and carbo- 
hydratoa by the method described in Lesson IV., p. 32, Marked 
opalescence will indicate milk or glycogen, less distinct opalescence 
may suggest the presence of starch or certain proteids. Colourless 
solutions may also contain urea, bile-salts, leucin, tyrosin or fer- 
ments. 

Colour ; — A red colour will suggest blood, a ffrem tint bile, a , 
yelloro urine, a hro'un methaBmoglobin or h»matin. If blood- 
pigment or one of its derivatives is suspected, use the spectroscope 
at once, and observe the spectrum of (a) the original solution, (ft) 
the same shaken with air, and (c) after the addition of (NH4)2S, 

The smell may give an indication as to the presence of bile or 
urine. Do chemical tests accordingly. 

Taste : — If gait, examine for globulins or urea, if liilier for bile- 
ealts, if eweel for sugars. 

Following the indications obtained from the physical oharacters,- 
select from the following chemical tests those applicable to the 
fluid which is being examined. 

1. Test for proteidn by xanthoproteic and MUlon's tests, aud for ^ 
earboliydrtUea by iodine and Trommer'a test. The tests for special 
proteids aud carbohydrates have been already described (p. 32). 

2. Blood : — Teat chemically for proteid constituents. 

3. Bile; — Do Gmehn's test for bile-pigraents, and, if proteids 
are absent, Pettenkofer'a test for bile-acids. If proteids (not pro- 
teoses and peptones) are present, neutraUae, boil, filter, anJ test 
filtrate for bile-salts. Kemove proteoses and peptones, if present^ , 
by precipitation with alcohol, filter and test filtrate for bile-salts. 
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4. Tyrosin ; — Add Millon's reagent and boil. A red colour in 
the solution indicates the presence of tyrosin. 

5. Urea: — (i.) Add sodium hypobromite or impure nitric acid 
(containing HNOg). If no bubbles of gas, no urea is present. If 
gas given off (2.) remove phosphates and sulphates by addition of 
baryta mixture and filtration, and remove proteids (see 3.), concen- 
trate the filtrate if necessary, place a drop on each of two slides, 
allow one to evaporate slowly under a cover-glass, and to the other 
add a drop of strong pure HNO3 *^^ cover. Examine the former 
for crystals of urea, and the latter for crystals of urea nitrate. For 
other tests see Lesson XVIII., p. 119). 

6. Uric acid : — If in solution, is in the condition of a luate. 
(i.) Add a drop of HCl and allow to stand for 24 hours. Examine 
deposit for crystals of uric acid. (2.) Concentrate original solution 
(after removal of any proteids present), and apply the murexide 
test to a small quantity. 

7. Kreatinin : — Add a drop of dilute solution of nitroprusside 
of sodium and excess of caustic soda. A burgundy-red colour 
indicates kreatinin. 

8. Ferments : — (a.) Digestive ferments. — Place 5 cc, of the sus- 
pected fluid in each of four test-tubes. Label these A, B, C, and D, 
Neutralise the fluid in C and D, if necessary. To A add 5 cc. 
.4 per cent. HCl and a thread of boiled fibrin, to B 5 cc. of 2 per 
cent, sodium carbonate solution and a thread of boiled fibrin, to C 
5 cc. starch solution, and to D 5 or 10 cc. milk. Place the four 
tubes, along with four control tubes A', B', C, D' (the contents of 
which are the same as those of A, B, C, and D, but without the 
suspected solution) on a water-bath at 40** C. After a time (10 to 
30 mins.) examine the tubes. Digestion in A, B, or C, or coagula- 
tion of the milk in D, indicates, if there is no corresponding change 
in the control tube, the presence of pepsin, trypsin, amylolytic 
ferment or renttin respectively. 

(/>.) Blood ferment. — If the solution is suspected to be salted 
plasma, or if it be oxalate plasma, in the former case dilute with 
water and place in a water-bath. (Lesson V. 21.) In the latter 
add calcium chloride (Lesson V. 14), and observe if coagulation 
occurs. This will also show presence of fibrinogen. 

N.B. — In all cases make a note of what you do, the result 
thereof, and your inferences. The following form is convenient : — 

Experiment. \ Observation. \ Inference. 
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B. Ezaxninatioii of Solid substanoes. 
Physical character^. 

1. Tho colour in&Y suggest blood-pigment, or one of its deriva- 
tives, or bile-pigment. 

2. Taste may indicate bile-salts, urea, or sugar. 

- 3. Examine microscopically to see whether amorphous or 
crystalline. If the latter, the substance may be recognised by its 
crystalline form, e.g.y urea, uric acid, urates, leucin, ty rosin, choles- 
terin, &c. 

4. Bum some in a tube ; smell it to detect any odour. Observe 
if it leaves an ash. 

5. Examine its solubility in cold and warm water, caustic soda, 
dilute acid, saUne solutions, alcohol and ether. Test the solution 
in the first four reagents as directed imder examination of fluids. 
Examine the ethereal solution for fats and ckolesterin. 

ClioUsterin : — (i.) Evaporate a little of the ethereal solution in 
a watch-glass, and add a drop of strong HgSO^. A red colour 
indicates cholesterin. (2.) Examine microscopically. Cholesterin 
crystallises from ethereal solution in colourless needles, from solu- 
tion in boiling alcohol in its characteristic plates. 

C. Analysis of Urine. — The student must also practise the 
analysis of urines containing one or more abnormal constituents, 
and he must also practise the estimation of the quantity of the 
more important suli^tances present. Both sets of processes must be 
done over and over again, in order that he may perfect himself in 
the methods in common use. 
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Iturtimnents, &c., to be provided by eacb Student. — Befm-e 
beginning the ^rperimental part of the eoar»e, each student 
must provide himself with llie /oUowiTig : — A large and a e^ncdi 
pair of sciseors ; a large and a fine pointed pair of /oreepa ; 
a small scalpel; a blttnt needle or "seeker" in a handle; 
pins; fine sUk thread; wateh-glasses ; narrow glass rod drawn 
out at one end to act as a " seeker " ; two eamel's-hair brushes 
of medium size. It is convenient to have them all arranged in 
a small case. 
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LESSON XXV. 

GALVANIC BATTEBIBa AND GALVANOSOOPH. 

1. Saniell's Cell consists of a glazed earthenware pot with a 
handle (fig. 80), and containing a saturated 
solution of copper sulphate. Crystals of copper -, 
sulphate are placed in it to keep the solution 
saturated. The pot is ahout 18 cm. high, and 
9 era. in diameter. In the copper solution is 
placed B roll of sheet-copper, provided with a 
binding screw. Within is & porous unglazed 
cylindrical cell containing 10 p.c. solution of 
sulphuric acid. A weU amalgamated rod of 

zinc, provided at its free end with a bind- 

ing screw, in immersed in the acid. The zinc 

is the nega^ve pole or Cathode ( - ), and the copper the positive 

poleorAna*< + ). 




IS8 



PRACTICAL PHYSrOLOGT. 



2. Wllke'a Fole-Beagent Paper.— This ia a coiivimient method br 
miuinK the ( - ) pole in any combinatinn.. Moisten one of the iiapars, place 
on a clean piece of glass, und touch the surface wittj the two wires coining 
from the battery ; a red spot indicatea the negative puli 

3. Amalgamatioii of the Zinc. — (a.) The ziiic should always 
be well amalgamated. When a cell hisses the zinc requites to 
be amalgamated. Dip the zinc in lo p.c. sulpliuric acid until 
effRrveacence commences. Lift it out and place it on ft shallow 
porcelain plate. Pour some meicury on the zinc, and with a 
piece of cloth rub the mercury well over the zinc. Dip the zinc 
in the acid again, and then scrub the surface with a rag under a 
stream of water from the tap. Collect all the surplus mercury 
and place it in the bottle lahelled "Amalgamation Uixture." 
Take care that none of the mercury gets into tlie soil-pipe. A 
very convenient method is to 
I — ^ 5?? ^ '^'P ^^^ ^"'^ '^^ ^ thick-walled 

I ^L \m glass tube containing mercury 

L RS^IIL. ^"'^ sulphuric acid. For con- 

I ^y*?^^^^L Tenience the tube is fixed 

■ .JfiJ^^^BflBK. block of wood. 



[xzv. ^H 

hr deter- ^^^H 

place it ^^^H 

s coming ^^^H 

always ^^H 




{b.) The following La another eon- 
venient "Amalgamation Mixture'': 
— With the aid of gentle heat diasolva 



chloric acid, and then add 3d parts 
of hydrochloric acid. The zincs, after 
being well cleaned, aa directed abore, 
are dipped into thia mixture, or the 
mixture may be ajiplied to the clean 
zinc by means of a. brush. 

N.B. — After using a Imttory 
tlie ziiicB must be washed t 
dried, the porous cells must 
be carefully washed, and com- 
pletely immersed in a large 
quantity of water, frequently " 
renewed. 

i. Grove's Cell (Rg. 8i) consists of an outer ghized earthenware, 
glass, or ebonite jar, containing anialgamated zinc and lo p 
sulphuric acid. In the inner porous cell is placed platinum fi 
with strong nitric acid. Tlie platinum is the + positive pole 
anode, the zinc tlie - negative jiole or cathode. For physiological 
purposes, the »nall Grove's cells, s-bout 7 cm. in diameter and 5 c; 
in height, are very convenient. When in use the battery ought to 
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be placed in a dnmght chnraV 
from affecting the experimaiiter, 

6. BichromaU Cell (fig. Sz).—Tliia 
coDaiats of a glass battle containing 
one zinc and tw:> carboa plates im- 
moraed in the following mistare ; — 
Dissolve I pai't of patassichichrDinaCe 
in S parts of watur, and add l part of 
aulphurio aoid. The zino is attached 
t« a rod, which can be raised when it 
is desired to atop the actiott of Che 
battety. This cell is convonieut 
eaougn whan it is not neoessarj to 
use a carrant of perfectly constant in- 
tensity. 

6. Iieolanchd Cell.— The positive 
plate is zinc in smmoniuTit cbloride 
solution (Zinc - pole). The negatiTe 
plate is carbon with manganese 
dioxide in the same solution ^Car- 
bon + pole). 

Otiier forma of batteries are 
iiaed, hut the foregoing are suffi- 
cient for the purposes of these 



. Daniell's 




7. The Galvanoscope or De- 
tector. 

(a.) Cbari 
and attach a copper wire 
tlie negative pole (zinc), 

another to the positive pole (i-opper) On bnng ng tl e free e 
of the two wires together the c r u t a mad 
continnoas, galvanic, or voltaic electncity 
circulates outeiJn the battery from the -1- 
to the - pole. Prove the existe ce of ti 
current by its effect on a magnet c needle i 

(/(.) Use a vertical galvaooBCope or de 
tectOT (iig. 83), in which the magnet c need e , 
is so loaded as to rest in a vert nl po t on j 
A needle attached to this movies over a 1 
eemicircle gradiiated into degrees Con 
nect the wires from the + and poles of tl e 
Paniell's battery with the bind ng screws of 
this inatnimeut, and note that when the 




3 made the needle is deflected from 



PiB. aj.— Detector. 



less horizontal position, but the a 



r 
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of deflection ia not directly proportional to the current passing in fho' 
instrument. Break the circuit by removing one wire, and notice 
that the needle travels to zero and resumcM its vertical position. 
The detector made by Stdhrer, of Leipzig, ia a convenient form. 

8. Effect of ConBtant or Voltaic Current on the Tongue. 

Apply the free ends of the wires to the top of the tongue and note 
the effect of the current ; or a key may he placed in the circuit. 
The physiological effects of a moderate constant current are hut 
alight on the sensory nerves of the tongue, there heing perhaps 
slight metallic taste. 

Electrical Units are :— The unit of current is an ampere, the 
unit of resistance an ohm, end the unit of pressure a Tolt. The 
pressure or potential of a Damell's cell ia about i volt. One 
ampfere current is obtained by i volt prestare through i ohm 
reeislance, through so olims ^ ampi'-re. The internal resistance 
of an ordinary cell varies from i to lo ohms. 
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LESSON XXVL 

ELECTEIOAL KETS— EHEOCHOED. 

It is convenient to make or break — i.e., close or open — a current 
hy means of keys, of which there are various forms. 

1. Du Boa Key (fig. 84I. — 16 consists of a plate of vulcanite, 
attached to a wooden or metalKc framework which can be screwed 
to a table. Two oblong brass bars (II. and III.), each provided 
with two binding screws, are fixeil to the ebonite, while a movable 
brass bar (IV.) with an ebonite handle is fixed to one of the bars, 
and can be depressed so as to touch the other brass bar. 

Two Ways of Using the Do Bois Key, 

2. (i.) Wlien the key is dised the eun-ent is made, and when it w 
opened the current is hrokm (fig. 85). Apparatus. — Datiiell's eel' 
and detector, three wires, and a Du Boia key screwed to a table, 

(a.) Aa in the scheme (lig. 85) connect one wire from — pole of 
the battery to one brass bar of tlie key. Connect the other brass 
bar with one binding screw of the detector. Connect hy meai 
the third wire the other binding screw of the detector with the + 
pole of the cell. 

(6.) On depressing the key (i.e., making the circuit) the needle 
is defiected, on raising it (i.e., breaking the circuit) the needle 
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passes to zero. This method of using the key we may call that fi 
" making and broakiiig a current." 

3. (a.) W/ieu the key is dos&l ihe 
eun-ent is said to he " short-circuited." 
Apparatus. — Daniell's cell, detector, 
four wires, and a D« Bois key, 

(a) As in Belieme (lig. 86) connect 
tbe + pole of the battery to the outer I 
binding screw of one brass bar of the 
key, and the - pole to the outer binding 
Berew of the other brass bar. Tlien 
connect the inner binding screws of 
both brass bars with the detector. 

(b.) Observe when the kt ^ 
pressed or closed, there is no deflection 
of the needle, i.e., when tlie current is 
cut off from the circuit beyond tJie key 
or bridge ; when the key is raised, the 
needle is deflected. When tlie key is 
depressed, the current is said to be 
"short-circuited," for the key acts like 
a bridge, and so a large part of the 
current passes through it hack to tbe 
battery, while only an excessively feeble 
current passes throiigh the wires beyond , 
the key ; so feeble is it that it d 
affect a nerve. On raising the key, the whole of the current p 




■ na. s«.— Dniic 





a. MuBtlB. Ji.Miucle: a.BoltBij; JT.Key 

tlirough the detector or nerve, as the eaae may be. This method 
of using tlie key is called the method of " ahort-circuiting." 
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(c.) Test the effect of a galvanic current by applying the ( 
electFodes to the tip of the tongae. 

N.B. — In using the key to apply an iniluction current to excite ] 
a nerve or muscle, always use thia key by the second method, i.e^ I 
always place a short-circuiting key in the secondary circuit. 

4. Mercuiial Key, — Where afutd contact ia required the w 
dip into mercury. Study the use of this key. It is used in 
same way aa a Bu Eois key. 

5. Horse Key (fig. 87}. — If it ia desired to make or break a 
current rapidly, this key is very convenient. If tliis key be used 
to make and break the primary circuit, connect the wires to B 

and C ; when the style of 
the lever, /, is in contact 
with e, the current does 
not pass in the primary 
circuit. On depressing the 
handle, K, the primary 
circuit IB made. If, how- 
ever, the wires be 
netted to A and B, the 
current passes and 
^™' broken on depressing K, 
To use this key as a short- 
circuiting key, connect the wires from the battery to A and B, and ^ 
those of the electrodes to A and C. The ciirrent ia short-circuited 
nntil K is depressed, when the current passes from C to A through ' 
the electrode wires. 

6. The Contact- or Spring-Key (fig. 88) is also very useful for 




^ 



rapidly making and breaking a circuit, or for giving a single shock, i 
as in estimating the work done during the contraction of a muscle. I 
The current can only pass between the binding screws when thft'l 
metaUic spring is pressed down. The left end of the spring is in, 1 
metallic contact with the upper binding screw, while the second J 
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binding screw is similarly connected with the little metallic peg 
at the right-hand end of the fig. 

7. Plug-Key (fig. 89). — Two brass bars are fixed to a piece of yulcanite. 
The circuit is made or broken by inserting a brass plug between the bars. 
Each brass bar is provided with two binding screws, to which one or two 
wires may be attached, so that it can be iised like a Du Bois key, either by 
the first or second method. 

8. The " Trigger or Turn-Over Key" is referred to in Lesson XXXV. 

9. For Brodie's *' Rotating Key," see Lesson XXYIIL 

Means of Graduating a Galvanic Current. — Besides altering 
the number, arrangement, or size of the ceUs themselves, we can 
use a simple rheochord to divide the current itself, the battery 
remaining constant, so that weak constant currents of varying 
strength can thus he easily obtained. 

10. The Simple Bheochord consists of a hrass or German-silver 
wire, about 20 ohms resistance and i metre in length, stretched 
longitudinally along a hoard, and with its ends connected to 
binding screws and 
insulated (fig. 90). On 
the wire there is a 
" sUder " which can 
he pushed along as 
desired. Apparatus. 
— Simple rheochord, 
DanielFs cell, detector, 
Du Bois key, five 
wires. 

(a.) Arrange the ex- 
periment as in fig. 90. 
When the sUder S is 




FiQ. 00.— Scheme of Simple Bheochord. B. Battery ; 
K. Key ; W, JR. Wire ; S. Slider ; D. Detector. 



hard up to W, practically aU the electricity passes along the wire 
(W, K) hack to the hattery. 

(6.) PuU the sHder away from W, and in doing so, the resist- 
ance in the detector circuit is diminished, and some of the elec- 
tricity passes along the detector circuit or the " deriving circuit " 
and deflects the needle. The deflection is greater — hut not pro- 
portionally so — the further the sUder is removed from W. The 
deflection is nearly proportional to the distance of the sUder from 
W, when the resistance in the detector circuit is great compared 
with that of the rheochord, which is, of course, the case when a 
tissue occupies the place of the detector. 
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(c.) Make a table showing the extent of deflection of the needle 
of the detector according to the distance of S from W. 

11. The wire of the rheochord may be arranged as in fig. 91 ; 
a slider, S, S, consisting of an ebonite cup filled with mercury, 
can be moved along the wires. Make connections as in fig. 91. 
Observe as the mercury cup is pulled away from tlie binding 




Via. 91.— Bheochord with Hg-81ider, S. S. B. Battery ; K. Contact Spring-Key ; 

B. Electrodes ; N. Nerve or Detector. 

screws there is a greater deflection of the needle, but the deflection 
is not in proportion to the distance of the cup. Make a table of 
your results. 



Distance of Hg- 


Deflection of Gal- 


Bridge in cm. 


vanometer. 


I 


I 


2 


2-5 


3 


4 


4 


6 


ID 


9*5 


15 


II 


20 


12-5 


30 


14 



The resistance in the rheochord circuit is low as compared with 
that in the principal circuit. By means of the slider the resistance 
in the deriving circuit can be increased or diminished, and, con.- 
sequently, the magnitude of the current diverted into the principal 
circuit. The rheochord also affords a means of dividing a currenti 
into two parts, according to the respective resistances in the 
two circuits. A rheochord is also used to compensate any current 
of injury in nerve and muscle in rheotonic experiments. 

! 

12. Simple Rheochord. — The most convenient form is thai 
$hown in fig. 92, and is that used in the Physiological LaboriBktory 
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of Oxford, It conaiata o! a German-silver wire about 20 olims 
reEistance, wound round ebonite pegs fixed at equal diatances at 
the opposite ends of a wooden board. The board is divided into 
oblongs, 80 that each division represents yJn port of the whole 
length of the wire, which ends in two block terminals, A, B, each 
provided with two binding screws. One of the terminala of the 
electrodes is attached to one terminal of the wire (A), and the other 
to the movable bloek S, which ropresents a Bhder, and which can 
be applied to any part of the wire, at any distance from A. Owing 
to the great resistance of the nerve as compared with that of the 
wire, the current through the nerve or muscle is in proportion 
to the length of wire between the slider 8 and the block. 

(a.) Connect a Daniell's coll as in fig. 9a with the two block 
terminals (A, B) interposing a spring-key (K). Of the electrode 
wires one is connected to A, an 1 the othei to the slider 8, 
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Expose the sciatic nerve of a. frog, and place the electrodes 
under it, or make a nerve-muscle preparation and stimulate the 
nerve. Place the slider close to A, there is no response either at 
make or break. Place the shdar at different distances from A, 
and note when contraction occurs at make. 



13. Fohl's Oommatator, 
through either of two pai 
commutator tuithoiit tJie c 
timas it is dasired to leve 
Fohl's commutiktor wLth on 



- Sometimea it is desired ta send a cDireiit 
of wires. This is done by mattua of Pohl'a 
is-btirs (Lesson XXXilL, fig. 112). At other 
B the direction of s curi-eut. This is done by 
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le thfl direction or k 
ed Ui the two lower, 
tlie electrodes to the upper binding screws. The binding 
n number, sod pliced behind the circular disc seen in the 
SKure. WheD the handle i> horizontal the CQirent is shut oET from tha 
e&trodes, while the direction of the current is reversed bj raising or 
lowering the handle. This instrument is uaed boUI; for revenung Qia 
ditection of s current. 



1. Induced or Faradic Electricity is most frequently employed 
for phyBiological purposes. Induction shocks are of sliort dura- 
tion, while they are physiologically very active, and they may be 
employed tus single shocks, or a succession of shocks may be applied. 
Indeed, the fact that the application of successive induction shocks 
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but slightly impnira the pliy Biological activity of the tissues, and 
that the intensity of these shocks can be accurately graduated, make 
induced electricity so valuable as a stiravilus in physiological 
experiments. 

2. Induction Apparatus of Su Bois-Eeymond. — In fig. 94 the 
primary coil (R') consists of about 150 coils of thick insulated 
copper wire, the wire being thick to offer sUglit resistance to the 
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galvanic current. The secondary coil (R") consists of 6000 turns 
of thin insulated copper wire arranged on a wooden bobbin 
whole spiral can be moved along the board (B) to wliich a milh- 
raetre scale (I) ia attached, so that the distance of the secondary 
jrom the primary ispiral may be ascertained. At one end of the 
apparatus is a Wagner's hammer as adapted by Neef, which 
is an automatic arrangement for making and breaking the primary 
circuit. When Neef's hammer is used to obtain what is called an 
interrupted current, or "repeated shockB," the wires from the 
battery are connected as in the figure, but when single Ghocks are 
required, the wires from the battery are connected with a key, and 
this again with the two terminals of the primary spiral, S" 
and S'". 

Suppose we place the secondary coil hard up over the primary, 
and consider this as zero, then an index on the side of the slot will 
give the distance in miUimetres of the secondary from the primary 
coil, the current being strongest when the secondary coil is com- 
pletely over the primary, and diminishing as the secondary is 
removed from tlie primary. 

3. Neir Form of luduotoriain. —Fig'. 96 shows an inductorium whers tbe 
second&ry spiral moves vertically in a slot, and ja comjienfotod by means of a 
CODDterpoise, so that it moves easily. It ia Used ia the same way aa the 
other form. 

4. Gradaitled Indoctioa Apparatos. — In tlie 
tance between the secondary and pKinory spiral! 
scale attached to the instrument. When the seeondarj spiral is moved along 
equal distaui^es, there is not a corres^ianding increase or decrease in the in- 
dnced current ; on the contrary, the sl;rength of the induced ciirrentB under- 
goes a very unequal ehauge. Fick and Kronecker use a graduated induction 
ajijiaratus ; one side of the slot is provided with a millimetre scale, and the 
oilier is divided into units. 

5. Bowditcb's Botating Secondary SpiraL— The secondary spiral is with- 
drawn ^om the primary to the unit mark 30 on the scale. The secoudaiy 
spiral rotates on a vertical axis, so that it can be |jlaced at varying angles with 
the primary. In proportion as it ia -rotated from its ootiaxial position the 
current ia diminished. The student may test this by removing the secondary 
si>iral from the slot and placing it at variable angles to the primary spiral. 

6. Ewald'B Sledge CoiL — This coil is, with the eiception of the intermpting 
arrangement, in every respect similar to the ordinary Du Bois-Keymoad coll ; 
the iron core [lig. 95, K) la arranged movable, and the secondary coil slides 
over the primary and can bs adjusted in any position by means of a rack and 
pinion arrangement. The interrupter consists of an upright electro- maenet, 
over the pies of which swings a small steel bar-magnet ; this mag^iet forms 
the bottom end of a pendulmu which awinss with very little friction, anu is 
counterbalanced on il^ upper end by a small weight. 

The electro-magnet, when traversed by the current, becomes magnetised in 
such a way that its polea are the same ss those of the little bar-magnet above 
it, thuB repelling the latter, the awing of which is limited by the stop 
spring B. 
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Tlifl magnetic eirci 
it again touohoa tlia i _ 

According to the position whioli ia given to tha" spring by means of the 
milled head A, the amplitude and sjieed of the interrupter swings can be 
varied betwesu the liniita of i and 200 [ler second. 

Z, Z are the battery terminals ; P and 8 the tenninala Tor primal; mad 
aecondarj current (fig. 95). 

7. Hand-Electrodes [fig. 97).- (n. ) Taltea piece of double or twin wire (No. 
16) eacloaed in gutta-peroba (that uaed for electric bells), about 6-7 cm. Itmg 
(*i-3 inches). Remove tbs gutta-jiereha from the enda. By means of a file 
taper one jair of enda to blunt points, to the other enda solder piacas 60-90 
cm. long (2-3 feet) of thio oopj^r wire. Coil the thin wires round a gloss or ■ 
wooden rod to make them into a spiral, and to their free unattaebed ends 
solder thicker copper wire l inch long. 

(b.) Take two pieces of flexible antta-percha coated wire (No. 20] 60 cm. 
long, and two pieces of thick glasB tubing 8 cm. long, having a bore 
aulBcient to admit Che wire. Push n wire Lhroui^h e^Lcli tube, and aJlow 
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the end of the wire to prajcct 2 cm. beyond the tuhe ; scrape the gutta- 
percha off the free ends of both wires. Fix the wires in the glaai tubes 
with sealing-wax, and with a well-waxed thread bind the two tubes together. 
Or use two [lieces of No. 20 gutta-percha coated wire, each 10 cm. in 
length, fix them in glass tubes, as shown in the figure, by means of gutta- 
percha cement To the ends of the copper wires solder thin sillt-covered wires, 
and to the lice ends of tbe latter soldcT a short length [z cm. ) of thick an- 
coated copjier wire. A very handy bolder is made by thrusting two fine 
insulated wires (No. 36) through the bone handle of a crotch et-needla 

8. Shielded Electrodes. — For some jinrposee, e.g., stimulation of tbe vsgus, 
these electrodes are nsed, i.'., the platinum terminals are exposed only on one 
side, the other being sunk in a niece of vulcanite (figs. 197, 226). A pair 
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of shielded electrodes is easily made liy flxing tlie eada of two fla« wire 
arranged iiamllel to aach other and about one-eiKhth of an inoh apart— i 
thin kyet of gntla-|ierclia reniont. A little of tlie cement is scuped off to 
exjiose a small ]iiece of both wires. 

9. Dd Soia-Beymond Electrodes (fig. 9S).— The twu wires end in tmnga- 
lar pieces of platinum (P) -which rest on a glass plate. The whole ia sup- 
ported on a atuiid (V), and tan be moved tn any direction by the universal 
Joint (B), 




no. 07. — H«nr1-Eleo- 



^ 10. PolariBation of Electrodes. — ^Wlien a. constant current ia 
led throngli a nerve for some tune it caiiRea electrolysis where the 
metallic wires come into contacl; with the hquida of the nerve. 
The excitability of the nerve 13 altered by the secondary electro- 
motive changes thua produced, so that the nerve is thereby excited, 
and the muscle is thrown into contraction. Apparatus. — Elec- 
trodes (fig- 97), two wires, Du Bois key, Darnell's cell, frog. 

(o.) Kth a frog {Leeson XXIX. I), lay it belly downwards on 
a frog-plate, and expose one sciatic nerve. 
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(6.) Screw the Du Bois key to the table, place the copper elec- 
trodes under the sciatic nerve, and connect their other ends each 
with the outer binding screw of the brass bars of the Du Boie key. 
Close the key, and observe that no contraction of the leg miiscles 
occura 

(e.) C!oimect a Daniell's cell with the Du Bois key. Open the 
key to allow the constant current to pass through the netre for 




three or four minutes, and observe that there is no contraction as 
loi^ as the constant current is passing. Close the key, i.e,, short- 
circuit the battery, and at once a' contraction occurs. Kemove the 
battery, close and open the key. Contractioas occur, but they 
gradually get feebler as the polarisation ceases. The contractions 
are due to polarisation of the electrodes. 

(d.) If non-polarisable electrodes are used, this does not happen, 

11. HoQ-Fotarisable Elactrodei. See Lesson XLI. 
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lesson xxviii. 

single induction shocks — interrupted 
current—break: extra-current — helm- 
holtz's modification. 



"^1. 



Single Induction Shocks. — Apparatus. — Danieirs cell, in- 
duction machine, wires, two Du Bois keys (or one Du Bois and 
one spring or mercury key), and electrodes. 

(a.) Make connections as in fig. 99. The key in the primary 
circuit — preferably a mercury key — is used to make or break the 
primary current. To the binding screws of the secondary coil 
attach two wires, and connect them to the short-circuiting Du 
Bois key, and to the latter the electrodes. 




Fig. 99.— Scheme for Single Induction Shocks. B. Battery ; IT, K'. Keys ; P. Primary, 
and S. Secondary coil of the induction machine ; N. Nerve ; M. Muscle. 

(/;.) Effect on Tongue of Single Induction Shocks.— Open the 
short-circuiting key, push the secondary coil pretty near to the 
primary, and place the points of the electrodes on the tip of the 
tongue, or hold them between the forefinger and thumb moistened 
with water. Close the key in the primary circuit, i.e., make the 
circuit, and iiistantaneously at tlie moment of making, a shock or 
prick — the closing or make induction shock — is induced in the 
secondary coil, S, and is felt on the tip of the tongue or finger. 
All the time the key is closed tlie galvanic current is circulating in 
the primary coil, but it is only when the primary current is made 
or broken tliat a shock is induced in the secondary- coil. 

(c.) Break the primary current by raising the key, and instan- 
taneously a shock — the opening or break induction shock — is felt. 

{d) The hreah' is stronger than the male shock. Push the 
secondary coil a long distance from tlie primary, and, while the 
electrodes are on the tongue, make and break the primary circuit. 
Gradually move the secondary near the primary coil. The break 
shock is felt first, and on pushing the secondary nearer the i^t\3cc!ax^ 
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coil both shocks are felt, but the break is stronger than the make 
shock. 

Note that : — 

(i.) The break shock is the stronger. 

(ii.) On approximating the secondary to the primary coil, a 
shock is felt at make also, i.e,, when the primary 
circuit is made, 
(iii.) If the primary circuit be kept closed, i.e., made, no 

shock is felt, 
(iv.) The shocks increase in intensity the nearer the 
secondary coil is to the primary. 
N.B. — Make a table of the results showing the distance of the 
secondary coil from the primary when testing the relative effects 
of M. and B. shocks. 

Single M, and B. Im! action Shocks (i Daniell). 

Distance of Secondary Coil Effect on Tongue, 

from Primary in cm. M. B. 

19 O O 

18 o Slight shock. 

17 o Stronger shock. 



9 Slight shock. Maximum shock. 

8 Stronger shock. ,, ,, 

7 Maximum shock. ,, ,, 

(c. ) Remove the secondary spiral from its slot, and place it in line with 
and about 15 cm. fiom the primary. Rotate the secondary coil so as to place 
it at variable angles with the primary. Make and break the primary circuit, 
and test how the strength of the induced current varies with the extent of 
rotation of the secondaiy spiral. 

^2. Interrupted Current, i.e,, Repeated Shocks, by using Neefs 
Hammer — (Alternating Currents) — Faradisation. 

(fi.) Connect the battery wires (fig. 100) to P' ( + ) and P"( - ). 
Introduce a Du Bois key as for the make and break arrangement. 
The automatic vibrating spring, or Keef's hammer, is now included 
in the primary circuit. Set the spring vibrating. Close the 
key in the primary circuit. The spring, H, is attracted by the 
temporary magnet, B', tlius breaking the contact between the 
spring, H, and the screw, S', and causing a break shock in 
the secondary coil. B' is instantly demagnetised, the spring 
recoils and makes connection with S', and causes a make shock. 
Thus a series of make and break induction shocks following each 
other with great rapidity is obtained, but the make and break 
shocks are in alternately opposite directions. 
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(b.) Effect oa Tongue.— WMle Neef's liammer ia vibrating, 
apply the electro'les to t)ie tongiiii as liefore, noting the effect pro- 
duced and how it varies on altering the diHtanoe batween the 
BBConilary and primary coils. 




Id shocks, with 



(c) Note also liow the strength of the induced shocka variea witli tbn 
inguWr deTiation of the aeonndary spiral, the diataiiae between the two 
spirals being liejit constant (p. 172). 

8. The Break Extra-Cmrent of Faraday. —Wlien a galvanic 
current traversing the primary coil of an induction machine is 
made or broken, each turn of the wire eicerta an inductive influence 
on the otliera. When the current ia nvi'le, the direction of the 
estra-current ia a;r<iinst that of the battery current, but at brealc it 
is in the same direction as the 
battery current. Apparatus. — 
Daniell's cell, two Du Eois keys, 
five wires, primary coil of in- 
duction coil, electrodes (or nerve- 
muscle preparation). 

{a.) Arrange the apparatus 
according to the scheme (fifr. 
101). Notice that both keys 
and the primary coil of the 
induction machine are in tlio ' 
primary circuit, the keys being 
80 arranged that either the 
primary coil, P, or the electrodes 
short-circuited. 




attached to key K' 
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{h.) Test (a) either by electrodes applied to the toiigue, or (^) 
bj means of a nerve-muscle preparation (^ to be done after the 
stndent has learned how to make a nerve-muscle preparation). 

(f.) Close the key K, thus short-circuiting the coil. Open and 
close key K'. There is very little effect. 

(d.) Open K, the current passRs continuously through the 
primary coil. Often key K' ; a marked sensation is felt, due to 
the break extra-current. 

4. Helmholtz's Modification. — The break shock is stronger 
than the make, and to equalise them Helmholtz devised the 
following modification ; — 

(a.) Connect the battery wires as before to the two pillars (fig. 
loo), P' and P", or to a and e (fig. loa). In fig. 102 connect a 
wire^" Helmholtz's Bide wire " 
■ — from a to /, thus bridging or 
" short - circidting " the inter- 
rupter. Elevate tlie screw (/) 
out of reach of the spring (c), 
but raise the screw {d) until it 
touches the spring at every 
vibration. By this means the 
make and break shocks are nearly 
equalised. Test this on the 
tongue. Both shocks, however, 
are weaker, so that it is necessary 
to use a stronger battery. The 
primary circuit is never entirely 
broken, it is merely weakened. 
."' It is always advant^eous, 
c ; when using faradic shocks for 
l^ physiological purposes, to use 
■" make and break shocks of 
nearly equal intensity, i.e., use 
Helmholtz's side wire. Why ) 
produced by the one current is 
is not the cose with the ordinary 
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Because any " polarisatioi 

neutralised by the other. ' 

arrangement, where the break shock is stronger than the make, 

whereby there is a progressive summation of the polarisation 

effects of the break shocks. 

fi. To Approximately Equalise Single Make and Break 
Induction Shocks. 

As we have seen, the extra-current is the cause of the greater 
intensity of the break shock. If, however, the intensity of the 
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extra-current be the same at make and break, thie inequality will 



(a.) Connect the tenninals of a DanieU's cell with the top 
binding screws of an induction coil, as in fig. 103, and to tlie 




same induction coil tenninals connect two other wires with a 
make and break key (K) in their circuit ("deriving circuit," D, Dj,. 
Thus the primary current is never broken. 

(6.) Arrange the secondary coil with shortrcircuiting key and 
electrodes. 

(e.) On closing the key in the deriving circuit the current in 
the primary coil is diminished, and on opening it the primary 
current is increased. Induced currents of opposite directions 
are thereby produced, which, though weaker than the make 
induction shock, are approximately equal to each other. 

6. To Eliminate either M. or B. Shocks. — For this purpose the " Botating; 
Key" deviaed by Gregor Brodie is most useful. It consists of a horizontsl 
axis su|>ported on two ebonite npiightB Gied to an ebonite base (fig. 104). 




This uis consists of two metal rods, A B and C D, united together hj an 
insnlatijigpiece of ebonite, K. A B passes through a cup, E, cot in the upright 
and fiUedwith mercury. The othet rod, C D, ia similarly connected to the 
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second apright. Two stoat wires, S, T, lead from the two raeicary eaps, S» F, 
to two binding screws, 1 and 4 res|iective]j. Attached to the two rods are 
two metal arms, ^1 and X. which can be rotated round the rods and clamped 
in any position. These dip into two mercary troughs, P and Q, which are 
respectively attachc^l by stout wire to two binding screws, 2 and 3. 

Tlie action for which the key was devised is as follows : — 

The primary circuit is connected ¥rith the two screws 3 and 4 ; the 
secondary and a i>air of electrodes iK-ith the screws 1 and 2. Then, as the 
axis, A I)f is rotated, the arm, M, first dips into the trough, P, and the 
secr>ndary circuit is thereby short-circuited, and remains so during the whole 
time the arm, M. is in the mercur}\ While this is still in the mercury the 
uectmf} arm, X, enters the mercury, Q, and the primary circuit is thus closed, 
but, as the secrindary is short-circuited, the make induced current does not 
reach the electnxJes. On rotating a little further, the arm, M, leaves the 
mercury, and shortly after the arm, N, leaves the mercury, Q, and the current 
IH broken. The break induced current can now pass through the electrodes 
since the Jiecmdary circuit is not now short-circuited. 

Hv reversing the rotation only make shocks can pass through the electrodes, 
the break nh^xHcs being shoit circuited. 

The key may als^i he userl in other ways. By placing the two arms, M and 
N, jiarallel Vt one another, the key may be used to close two circuits simul- 
tane^^Uhly, e.g.^ a primary current, and a cuiTcnt working a signal. 

Further, by altering the angular distance between Mand N, and having the 
axis driven at a f^onstaiit rate, the key may be used for sending in two succes- 
sive stimuli at difTercnt intervals of time. 



>^' LESSON XXIX. 

PITHING -CILIARY MOTION— NERVE-MUSCLE 
PREPARATION— NORMAL SALINE. 

1. Pith a Frog. Wrap the body, fore and hind legs, in a towel, 
leaving the head projecting. Grasp the towel enclosing the frog 
with the little, ring, and middle fingers and thumb of the left hand, 
leaving the index-finger free. With the index-finger bend down 
the frog's liead over tlie radial surface of the second finger until 
the skin over tlui ])ack of the neck is put on the stretch. With 
the nail of the riglit index-linger feel for a depression where the 
oc(;iput joins tlui atlas, marking the position of the occipito- 
atlantoid membrane. With a sharp, narrow knife held in the 
right hand, divide; the skin, membrane, and the medulla oblongata. 
Withdraw the knife, thrust a "seeker" into the brain cavity 
through the oj)ening just made, and destroy the brain. To prevent 
oozing of blood, a piece of a wooden match may be thrust into the 
brain cavity. If it is desired, destroy also the spinal cord with 
th(» seeker or a wire. The knife used must not have too broad a 



\ 



XXIX.] PITHIKG — CILIARY MOTION, ETC. 1 77 

blade, else two large blood-vessels will be injured. The operation 
fihould be performed without losing any blood. 

2. Ciliary Motion. 

(a.) Destroy the brain and spinal cord of a frog. Place the 
frog on its back on a frog-plate covered with cork well- waxed or 
coated with paraffin. Divide the lower jaw longitudinally, and 
carry the incision backwards through the pliarynx and oesophagus. 
Pin back the flaps. Moisten the mucous membrane, if necessary, 
with normal saline. 

(6.) Make a small cork flag, and rest it on the mucous mem- 
brane covering the hard palate between the eyes. It will be 
rapidly carried backwards by ciliary motion towards the stomach. 
Repeat -the experiment, and determine the time the flag takes to 
travel a given distance. 

(c.) Apply heat to the preparation, and observe that the cork 
travels much faster. 

((/.) Grains of charcoal or Berlin blue are carried backwards in a similar 
manner. 

(e.) With & hot wire cauterise superficially a small area of the mucous 
membrane \n a preparation bestrewn with grains of charcoal. The ciliary 
movement stops not only at the cauterised area, but also in a triangular 
area whose apex is at the burned point, and whose base is directed towards 
the oesophagus. It would seem, therefore, that the movements of the cilia 
in individual cells are not independent of the movements in neighbouring 
cells. 

3. Anatomy of the Nerve-Muscle Preparation.— Before mak- 
ing this preparation, the student must familiarise himself with 
the anatomy of the hind limb of the frog. On a dead frog study 
the arrangement of the muscles, as shown in fig. 105. The skin of 
the frog is removed, the frog placed on its belly, and the muscles 
viewed from behind. On the outside of the thigh, the triceps 
femoris (tr), composed of the rectus anteriar (ra), the vastus 
extermis (ve), and the vastus internus^ not seen from behind. On 
the median side, the semi-memhranosus («m), and between the two 
the small narrow biceps (b). The biceps is readily observed, at 
the lateral margin of the large semi-membranosus, by its shining 
tendon in the middle of the lower half of the thigh. Notice, also, 
the coccygeo-iliacus (ci), the gluteus (gl), the piriformis (p), and 
the rectus internals minor (ri). In the leg, the gasfrocnemius (g), 
with its tendo Achillis, the tibialis anticus (ta)y and the peroneus 
(pe). 

4. Make a Dissection. 

(a.) Remove the skin from the leg of a dead frog ; with a blunt 
needle, called a *' seeker " or a " finder/' or a glass rod drawn out to 
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a point, gently tear tlirougli tlie fascia covering the thigh muHcles, 
and witli the blunt point of the finder separate the semi-inem- 
branoaua from the biceps, and ia the interval between them obsetve 
the seialic nerve and the /emorai vesteU. Carefully isolate both, 
beginning at the knee, where the nerve divides into two branchea 
— the tibial and peroneal — and work upwards (fig. io6). 
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Tbe tibial branch passes over the knee-joint towards the middle line, 
enters the nnder surface of the gaittrocnemius ; the perooeal branch |>aHMB l 
between tlie lateral tendinous origin uf thegosti'ouuemius and the tendon of the \ 
biuepB, and then under the 1stt«r. 

h.) Follow the nerve right upwards to its connection with the 
vertebral column, and obaetye that it is necessary to divide the 
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pyriformis (p), and also the ilio-coccygeal muscle, when the three 
spinal nerves — the 7th, 8th, and 9th — which form the sciatic nerve, 
come into view. It can be seen from the abdominal side after 
opening the belly and removing the viscera, including the kidneys. 
On its way from the sacral plexus to the thigh, it gives off cutan- 
eous and muscular branches for the pelvis and thigh. 
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5. Double Semi-Membranosns and Gracilis {Pick's Method), — I am indebted 
to Prof. Fick and Dr Schenk of Wurzburg, for showing me the method of pre- 
paring this —one of the most convenient of preparations. 

(a.) After pithing a frog, and removing its skin to expose the muscles of the 
hind limbs, remove the few fibres of the rectus intemus minor which are torn 
across when the skin is torn off. Divide the fascia at the outer margins of the 
semi-membranosus and gi'acilis, until the insertion of these two muscles into 
the knee is reached, then, with strong scissors, divide the leg bone just umler 
the knee-joint, so that the osseous insertion of both muscles is retained. 
Divide the femur just* above the knee-joint, and separate all the muscles in- 
serted into it, save the two muscles one is isolating. Separate the two muscles 
from the other muscles of the thigh up to the symphysis. Leave the two 
muscles in connection with the symphysis, divide the other muscles, disar- 
ticulate the femur at the acetabulum. In preparing the muscles in this way 
the semi-tendinosus, which lies between the two on the side towards the bone, 
is usually left. It is easy to separate it by dividing its insertion into the 
femur, and then its two heads at the pelvis. 

{h. ) Make a similar dissection on the opposite side. Bore a hole with an awl 
through both acetabula. Through this a hook can be placed. 

Thus we have two muscles with nearly straight fibres which can be placed 
" side by side," thus giving a short muscle with great sectional area, or they 
can be placed " one behind the other," a piece of bone, the symphysis inter- 
vening, thus giving a long muscle with half the sectional area. This prepara- 
tion is extensively used by Prof. Fick, and has many advantages. 

6. Indifferent Fluids — Normal Saline. — Dissolve 6 grams of dried sodic 
chloride in 1000 cc. of water. This is the best fluid to use to moisten tissues 
when a large quantity is reauired. For nerve the aqueous humor of the frog's 
eye is the best. It can reaaily be obtained by perforating the cornea with a 
fine glass pipette. 



LESSON XXX. 

NERVE - MUSCLE PREPARATION — STIMULATION 
OP NERVE— MECHANICAL, CHEMICAL, AND 
THERMAL STIMULL 

1. Nerve-Muscle Preparation. — Apparatus. — Frog, seeker, 
narrow-bladed scalpel, a small and a large pair of scissors, forceps, 
towel, and a porcelain plate. 

(A.) (a.) Pith a frog, destroying the brain and spinal cord, and 
place the frog on its belly on a frog-plate. With scissors make an 
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incieion through the skin along the back of one thigh — say the left 
— from the knee to the lower end of tlie coccyx, and proloi^ the 
inciBion along the back a little to the left of the uroatyle. Keflect 
ttie skin, and expose the musclee shown in fig. 105, 

(6.) Gently separate the semimembranosus and biceps with the 
" seeker," and bring into view the sciatic nerve and femoral vessels. 
Some use a glass rod drawn to a thin prolonged point, instead of a 
"seeker." ytill working with the seeker and beginning near the 
knee, clear the sciatic nerve, hut do not scratch or stretch the iierve, 
or touch it with forceps. Divide the pjriformis and ilio-coccygeus, 
and trace the nerve up to the vertebral column. 

('■.) Divide the spinal column above the seventh lumbar vertebra ; 
seize the tip of tlie urostyle with forceps, raise it, and with the strong 
scissors cut it clear from all its connections as far as the last lumbar 
vertebra, and then divide the urostyle itself. Divide the left iUac 
bone above and below, and remove it with the miiscles attached to 
it. The lumbar plexus now comes into view. Bisect lengthways 
the three lower vertebrie, and use tlie quadrilateral piece of bone 
by which to manipulate the nerve. With forceps lift the fragment 
of bone, and with it the sciatic nerve ; trace the latter downwards 
to the knee, dividing any branches with 
fine scissors. Keep the parts moist with 
normal saline. 

(d.) Divide the skin over tlie gastroc- 
nemius, and expose this muscle. Divide 
the teiido Achillis below its fihro-cartilagc, 
lift tlie tendon with forceps and detach the 
gastrocnemius from its connections as far up 
as the lower end of the femur. Cut across 
the knee-joint, and remove the tibia and 
fibula with their attached muscles. Taking 
care to preserve the sciatic nerve from 
injury, clear the muscles away from the 
lower end of the femur, and then divide the 
, femur itself about its middle. This prepara- 
; tion (fig. 107) consists of the gastrocnemius, 
. and the whole length of the sciatic nerve, 
'"i^^ini"'^' ^° which is attached a fragment of bone, 
""'' ' by which the preparation can he manipulated 

without injuring the nerve. iV./f.— The nerve must not he touched 
with instruments, neither stretched nor scratched, nor allowed to 
come into contact with the skin, and it must be kept moist with 
normal saline. 
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with its belly downwards. With one blade of a sharp-pointed pair of scissors 
transfix the body immediately behind the shoulder-olades, and divide the 
spinal column. The head now hangs down, and by its weight it pulls the 
ventral from the dorsal parts. 

{b.) With the scissors divide the wall of the abdomen on both sides parallel 
to the vertebral column, and remove the abdominal viscera. With the left 
hand seize the upper end of the divided spinal column, and with the right the 
skin covering it, and pull. The lower end of the trunk and the lower limbs 
are denuded of skin. 

(c.) Take the thigh muscles between the thumb and forefinger of the left 
hand, and with the point of one blade of a pair of scissors tear through the 
fascia between the biceps and semi-membranosus to expose the sciatic nerve, 
and then proceed as directed in 1. 

2. Stimuli may be classified as follows : — 
(i.) Mechanical, e.g., cutting or pinching a nerve or muscle. 
(2.) Chemical, e.g., by dipping the end of a nerve in a saturated 
solution of common salt or glycerin. 

(3.) Thermal, e.g., applying the end of a heated wire to the 
nerve. 

( (a.) Continuous current. 
(4.) Electrical — < (6.) Single induction shocks, 

( {c.) Intei^upted cun-ent or repeated shocks. 



3. Stimulation of Muscle and Nerve. — It is convenient to 
modify somewhat the physiological limb, in order to render the 
muscular contraction more visible. Apparatus. — Seeker, scalpel, 
scissors, forceps, straw flag, pins, muscle- forceps, camel's-hair brush, 
saturated solution of common salt in a glass thimble, ammonia, 
copper wire, spirit lamp or gas-flame. 

4. Mechanical Stimulation. 

('(.) Destroy the brain and spinal cord of a frog (Lesson XXX. 1). 
Prepare a nerve-muscle preparation, isolat- 
ing the sciatic nerve, but modify the sub- 
sequent details as follows : — • 

{b.) After the nerve is cleared as far 
as the spine, clear the muscles away from 
the femur, and di\dde the latter about 
its middle. Divide the sciatic nerve as 
high up as possible. Pin a straw flag to 
the toes by means of two pins. Fix the 
femur in a clamp 01 pair of muscle-forceps, 
supported on a stand (fig. 108), taking care fig. io8.-straw Flag attached 

jijii , •• 1 rjxi to ft iTroff^s i^eff IjX6CI 10 a 

that the gastrocnemms is upwards. The ciamp. i^. Nerve ; F. Flag. 
nerve hangs down, and must be manipu- 
lated with a camel's-hair brush dipped in normal saline, or by 
means of a hooked glass rod. 
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(c.) Pinch the free end of the nerve sharply with forceps; the 
muscles contract and the straw flag is suddenly raised. Cut off 
the dead part of the nerve, contraction also occurs. 

(d,) Prick the muscle with a needle ; it contracts. 

For the purposes of the student it is sufficient to expose oae 
sciatic nerve in dtUy and observe the movements of the foot and 
leg. 

Mechanical stimulation is rarely employed, as the part stimulated is apt to 
be injured by the stimuli. Heidenhain in 1856 devised what he called a 
Tetanomotor for this purpose. It consisted of a Wagner or Neef s hammer, 
with one end prolonged and carrying a small ivory hammer, which beat the 
nerve placed under it. Recentlv v. Uexkiill has devised apparatus for this 
purpose {Zeits,/. Biol.^ Bd. xxxi.). 

(e.) Mechanical Stimulation by removal of pressure. — Place the nerve of a 
nerve-muscle preparation on a moist glass plate^ press the nerve slowly and 
steadily with a curved i mm. thick glass hook. If pressure be applied 
steadily and uniformly the nerve is not excited, but on suddenly removing 
the pressure the muscle contracts (v. Uexkiill), 

5. Thermal Stimulation. 

(a.) To the same preparation apply, either to muscle or nerve, 
a wire or needle heated to a dull heat ; a contraction results in 
either case. Cut off the dead part of the nerve. 

6. Chemical Stimulation. 

(a.) Place saturated solution of coumion salt in a glass thimble, 
or on a glass slide, and allow the free end of the nerve to dip 
into it. Owing to the high specific gravity of the saline solution, 
the nerve floats on the surface, but sufficient salt diffuses into 
the nerve to stimulate it. After a few moments, the joints of 
the toes twitch, and by-and-by the whole limb is thrown into 
irregular, flickering spasms, which terminate in a more or less 
continuous contraction, constituting tetanus. Cut off the part 
of the nerve affected by the salt ; the spasms cease. Some apply 
finely powdered salt to the nerve, others glycerin. 

(h.) Using a similar preparation, cover the leg with the skin of 
the frog, or wrap it in blotting-paper saturated with normal saline. 
Expose the fresh-cut end of the nerve to the vapour of strong 
ammonia. The ammonia must not act directly on muscle, hence 
the glass vessel must be placed above the nerve, and the nerve 
raised to the ammonia. There is no contraction of the muscle, but 
the ammonia kills the nerve. 

Instead of doing this, the whole leg may be laid on a card, covered with 
blotting-paper moistened with normal saline, with a hole in it just sufficient 
to allow the sciatic nerve to |>a88 through it. The card is placed over a 
test-tube containing a drop of ammonia ; the nerve hanging in the vapour 
of the' latter is speedily killed, but there is no contraction of the muscle. 
Apply ammonia to the muscle ; it contracts. 
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Note that although ammonia applied directly to a motor nerve does not 
cause contraction of the corresponding muscle, yet when it is applied to 
the central end of the divided vagus of a rabbit it causes marked reflex 
iliovements of the respiratory muscles. 

7. Drying. — If the nerve be allowed to hang freely in the air 
for some time, it gradually dies, and the muscles twitch irregularly, 
as when a nerve is stimulated chemically. Moisten the nerve 
with normal saline and the twitching may cease. It may be 
that glycerin acts as a stimulus through absorbing water. 
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LESSON XXXI. 

INGLE AND INTBRRUPTBD INDUCTION SHOCKS 
—TETANUS -CONSTANT CURRENT. 



1. Electrical Stimulation — Single Induction Shocks. — Appa- 
ratus. — Daniell's cell, induction machine, two Du Bois keys (or 
one spring key or mercury key and one Du Bois key), five wires, 
electrodes. 

(a.) Arrange a cell and induction machine for single induction 
shocKS as in fig. 109. A spring contact-key or Hg-key is more 




Fig. X09.— Scheme for Single Induction Shockfl. B. Battery ; Z, K. Keys ; P. Primary, 
and S. Secondary coil of the induction machine ; N. Nerve ; M. Muscle. 

convenient in the primary circuit. Electrodes are fixed to the 
short-circuiting key (K') in the secondary circuit, and over them 
the nerve is to be placed. 

{h») Expose the sciatic nerve in a pithed frog, place it on electrodes 
— preferably a pair fixed in ebonite, and so shielded that only 
one surface of their platinum terminals is exposed under it. Or 
use the simple shielded electrodes described in Lesson XXVII. 6. 
Pull the secondary coil (S) far away from the primary (P), raise 
the short-circuiting key (K'), make and break the primary circuit 
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by means of the key (K). At first there may be no contraction, 
but on approximating the secondary to the primary coil a single 
muscular contraction will be obtained, first with the break shock, 
and on approaching the secondary nearer to the primary coil, also 
with the make. The one is called a make and the other a break 
contraction. Enter in a note-book the results obtained. N.B.—Ju 
all cases the student should keep an account of the experiment, 
and especially of all numerical data connected therewith, e.g, : — 



Single make and break shocks — Du Buis inductor ium toith 

I Daniell. 



Distance of Primary from 
Secondary Circuit 
in cm. 


Besponse at 
Make(M). 


Kesponse at Break 
(B). 


45 


o 


o 


44 


O 


Min. twitch. 


43 


O 


Slight „ 


42 


O 


Stronger ,, 


41 


O 


>> }> 


20 


O 


Max. ,, 


19 


Slight twitch. 


>) t> 


i8 


Max. „ 


»» »> 



Compare Ordinary with Helmholtz Arrangement, and tabulate 
the results as follows, to show the distance of the secondary coil 
at which mechanical response first occurs. 





Ordinary Du Bois- 
Beymond Coil. 


With Helmholtz's 
Modification. 


Nerve make, . 
,, break, 


» 





The same may be done by applying the electrodes directly to the 
gastrocnemius muscle, z.e., direct stimulation, that through the 
nerve being indirect stimulation. 





Oi'dinary T>u Bois- 
Beymond Coil. 


With Heltnholtz's 
Modification. 


Muscle make, 
„ break, 
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2. Interrupted Current or Eepeated Shocks. 

(a.) Arrange the induction machine so as to cause Neef's hanuner 
to vibrate as directed in Lesson XXVIII. 2. On applying the 
electrodes to the sciatic nerve or gastrocnemius muscle, at once 
the muscle is thrown into a state of rigid spasm or continuous 
contraction, called tetanus, tliis condition lasting as long as the 
nerve or muscle is stimulated, or until exhaustion occurs. 

3. Constant Current. —Apparatus. — Daniell's cells, Du Bois 
key (or, preferably, a simple make and break key), four wires, 
electrodes, forceps, and nerve-muscle preparation, or simply expose 
the sciatic nerve in situ. 

(a.) Use two Danieirs cells. If two or more Daniell's cells be 
used, always connect them in series, i,e., the -f pole of one cell 
with the - pole of the next. Connect two wires, as in fig. no, 
to the free + and - poles of the battery 
B, and introduce a Du Bois key (K') to 
short-circuit the battery circuit. Fix two 
shielded electrodes in the other binding- 
screws of the - Du Bois key, and having 
prepared a nerve- muscle preparation, lay 
the divided sciatic nerve (N) across them, 
as shown in fig. no. A simple key to 
make or break the current is preferable 
to the short-circuiting key, as the latter 
allows polarisation currents to pass when it 
is closed. 

(A.) Make and break the current, and a 
single muscular contraction or twitch is 
obtained, either at making or breaking, or 
both at making and breaking. Notice that if the key be raised 
to allow the current to flow continuously through the nerve, no 
contraction occurs, provided there be no variation in the intensity 
of the current. The electrodes may also be apphed to the muscle 
directly. 

(c.) Rapidly make and break the current by opening and 
closing the key ; a more or less perfect teiarvas is produced. 

{d,) If it be desired to test the effect of a constant current on 
muscle alone, then the terminations of the motor nerves in the 
muscle must have been paralysed previously by curare, so that 
in tliis case the electrodes must be applied directly to the 
muscle. 

4. Muscle on Mercury. — Lay the muscle of a nerve-muscle 
preparation on the surface of mercury. Stimulate the nerve^ th& 
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Fia. no.— Scheme of Con- 
Btaiit Current. B. Battery ; 
K. Short-circuiting key; 
N. Nerve ; M. Muscle. 
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mnscle contracts, but does Dot elongate : it showa little tendency 
to elongate imlesx it be weighted. 

tJ/0. Dead Muscle and Necve.- — Immerse a 
few minutes iu w&ter at 40° C. Bath are 
stimuli ce 



6. The SaitoriuB.— One gets . 
which occur whtn a itmacla 01 
unngKl in a jiavallcl manner. 

((11.) Pith i frag, lay it 011 its back, and dissect off the long nar 
from the inner side of the thigh. The thin 1 



iti'etching fi-om the ilium 




1 (fig. 11") 
the tibia is best seen if it be moisteneil with 
blood, which diiTerentiates its edges. To isolate 
the sai'torius the best way is to cut the other 
partEi away from it. Baiae its tibial tendon, and 
round it tie a line silk thread. Gradually raise 
the muscle by means of the thread, and with tine 
scissors cut it free from its fascial connections 
right up to the ilium. Cut it out with the ilium 
attached. Its nerve enters it on its under surface 
about the middle of the muscle. When it is 
dividcil the muscle contracts. Stretch it on a 
slip of glass or liang it up by its ilium bony 
attachment in a clamp. 

{h.) Stimulate the muscle first at its ends and 
aflci'H'Brds at its centre or equator, as in Lesson 
XXXI 1, 2, with (i.), a single induction shock, 
and (ii.), afterwards with an interrupted current. 
Observe the shortening and thtckentiig, which 
am much greater in (11.) than (i. ). The muscle 
may be extended again, and stimulated as 
fteqneiitly aa desired, if it be kept moist. 



». Bartortnsmir. A*iuotnr Uois keys, (muscle-cbamber), wires, elec- 

lonmn; otViulMsinternm. .a 
flee (Ig.. .05 am) 106.) trodes. 

A. {(I.) Expose the sciatic nerve of a 
frog, and place the frog on a dry c«rk plate, or ghias, or block of 
paraffin. Arrange an induction apparatus for faradisation with the 
electrode.1 short-circuited, and placed under the sciatic nerve clear 
of all adjoinuig muscles. Ojien the short-circuit key and find a 
strength of eiiiTent (secondary coil at 25-30 cm.) which on 
faradisation gives feeble tetanus. 

(6.) Disconnect one of the electrode wires from the preparation, 
BO that only one terminal is in connection with the nerve. There 
is no contraction when the secondary key is open. Insulate the 
preparation by placing it on a block of paraffin or on a dry 
beaker. 

(c.) Trj to find the distance of the secondary ceil (S-io cm.) 
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at which no response is obtained with unipolar stimulation, but a 
response is obtained when the preparation is touched with finger. 
Why is there a response? Because by touching the preparation 
one suddenly diminishes the resistance to the passage of the induc- 
tion currents to earth. 

Or B. (a.) Set up a cell and induction coil with electrodes for 
single shocks. Disconnect one of the electrodes of the secondary 
coil, the other one being under the sciatic nerve or the nerve of a 
nerve-muscle preparation which is insulated on a glass plate. If 
the frog is on a frog-plate put the frog-plate on a dry beaker to 
insulate it. JSTo contraction occurs at make or break. 

(b.) Connect the disconnected electrode to a gas-pipe and so to 
the earth. Contraction takes place at make or break. It is in order 
to avoid unipolar stimulation that the Du Bois key is used to 
short-circuit the secondary circuit. 

Or C. {a.) Connect the Daniell to the primary coil of the induction machine 
either for single shocks or tetanus, introducing a Du Bois key in the circuit. 
Connect one wire with the secondary coil, and attach it to one of the bind- 
ing screws on the platform of the muscle-chamber, to which the nerve electrodes 
are attached. See that the battery and induction machine are perfectly insul- 
ated by supporting them on blocks of paraffin. 

{b.) Pre})are a nerve-muscle preparation, and arrange it in the muscle- 
chamber in the usual way, laying the nerve over the electrodes. One of the 
electrodes will therefore be connected with the secondary circuit. 

(c. ) Make and break the primary circuit ; there is no contraction. 

(d. ) Destroy the insulation of the preparation by touching the muscle, or 
what does better, allow the brass support of the muscle to touch a piece of 
moist blotting-paper on the inner surface of the glass shade of the chamber. 
Every time the brass binding of the shade is touched, or the brass support 
itself, the muscle contracts. Touch the secondary coil and contraction 
results. 



LESSON XXXII. 

RHBDNOME— TELEPHONE EXPERIMENT— DIRECT 
AND INDIRECT STIMULATION OF MUSCLE- 
RUPTURING STRAIN OP TENDON— MUSCLE 
SOUND— DYNAMOMETERS. 

V/ 1. Fleischl's Bheonome and Law of Excitation. — This instru- 
ment (fig. 112) is useful for showing Du Bois-Reymond's law, 
that it is not the absolute intensity of a galvanic current flowing 
through a nerve wliich excites it, but the rapidity of the variations 
in the intensity of the current which excite a motor necv^. ^ 
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Fig. 112.— Fleischl's 
BUeonoro. 



consists of a square ebonite base, with a grooved circular channel in 
it, and two binding screws, with zinc attached, and bent over so as 
to dip into the groove, which is filled with a saturated solution of 
zinc sulphate. A vertical arm, with binding screws attached to two 

bent strips of zinc, moves on a vertical 
support. It is a kind of revolving rheo- 
chord. 

(a.) Connect two or three Daniell's cells 
(copper to zinc) with the binding screws 
A and B, introducing a Du Bois key in 
one wire. Attach the electrodes, intro- 
ducing a Du Bois key to short-circuit them, 
to the binding screws, C and D. Fill the 
groove with a saturated solution of zinc 
sulphate. 

(b.) Arrange the nerve of a nerve-muscle preparation over the 
electrodes, or simply expose the sciatic nerve of a frog in situ. Pass 
a constant current through the nerve, observing the usual effects, 
viz., contraction at make or break, or both, but none when the 
current is passing. Then suddenly rotate the handle with its two 
zinc arms ; this is equivalent to a sudden variation of the intensity 
of the current ; the current, of course, continuing to pass all the 
time. The muscle suddenly contracts. 

When the two ends of the zinc arc stand as in the fig., i.e., opposite C and 
D, then, on closing the current, most of the current goes through the zinc arc 
to the preparation, and only a small part through the zinc sulphate solution 
from C to D. Thus the muscle contracts according to the direction and 
intensity of the current, either on closing or opening the key, or at both. 
Turn the handle so that the zinc arc is vertical to a line joining C and D. 
There is no current, so that the preparation does not respond either on closing 
or opening. 

If, while the zinc arc is in this position, the circuit be closed, and the zinc arc 
suddenly rotated into the position of the line C, D, the muscle contracts, 

frovided in the first ex})eriment a closing, Le. , make, contraction was obtained, 
f it be rotated slowly then there is no response. Thus one can allow the 
current to glide or slide into the nerve {*^ einschkichen " ) without causing 
excitation. 

J 2. Direct and Indirect Stimulation of Muscle. — When the 
stimulus is applied directly to the muscle itself, we have direct 
stimulation ; but when it is appUed to the nerve, and the muscle 
contracts, this is indirect stimulation of the muscle. 

(i.) Induced Current, — (a.) Arrange a nerve-muscle preparation, 
and an induction machine for single or repeated shocks (Lesson 
XXXI. 1). 

(6.) Test first the strength of current— as measured by the 
distance between the secondary and primary coils — which causes 
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the muscle to contract when the stimulus is applied to the nerve, 
i.e., for indirect stimulation. 

((\) Then with the secondary still at the same distance from 
the primary, try if a contraction is obtained on stimulating the 
muscle directly. It will not contract; but make tlie current 
stronger, and it will do so. The excitability of muscle to direct 
stimulation is best done after the nerve -terminations have been 
paralysed by curare (Lesson XXXIII.). 

(ii.) Constant Current. — Connect the electrodes with two DanielFs 
cells, placing a Hg-key in the circuit. Place the electrodes under 
the nerve. Contraction occurs at make only, and at break only 
if the preparation is very excitable, but there is no contraction 
when the current is passing through the nerve. 



o 

ADDITIONAL EXERCISES. 

3. Muscle Sound. 

(«.) Insert the tips of the index fingers into the auditory meatuses, forcibly 
contracting the bice])s muscles. A low rumbling sound is heard. 

{b. ) When all is still at night, firmly close the jaws, and, especially if the 
ears be stopped, the sound is heard. 

i. Telephone Experiment. 

(a.) Arrange a nerve-muscle preparation with its nerve over a pair of 
electrodes. Connect the latter with a short-circuiting Du Bois key. To the 
key attach the two wires from a telephone. 

{b.) Open the short-circuiting key; shout into the telephone, and observe 
that on aoing so the muscle contracts vigorously. 

5. Bupturing Strain of Muscle and Tendon. 

(a.) Dissect out the femur and gastrocnemius with the tendo Achillis of a 
frog. Fix the femur in a strong clamp on a stand, preferably one with a 
heavy base. To the tendo Achillis tie a short stout thread, and hang a scale- 
pan on to it. 

(6.) Place weights in the scale-pan, and note the weight required to rupture 
the tendon or muscle. Usually the muscle is broken. The weight added will 
be I kilo., more or less, according to the size of the frog. 

(c.) Compare the rupturing strain of a frog's gastrocnemius which has been 
dead for forty-eight hours. A much less weight is required. 

6. Dynamometers. 

(a.) Hand. — ^Test the force exerted first by the right hand and then by the 
left, by means of Salter's dynamometer. 

(6. ) Arm. — Usin^ one of Salter's dynamometers, test the strength of the 
arm when exerted in pulling, as an archer does when drawing a bow. 
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INDEPENDENT MUSCULAR EXCITABILITY — AC- 
TION OP CURARE— ROSENTHAL'S MODIFICA- 
TION— POHKS COMMUTATOR. 

1. Independent Muscular Excitability and the Action of 
Curare. — Curare paralyses the intramuscular terminations of the 
motor nerves. — Apparatus. — DanieU's cell, induction machine, 
two keys, five wires, shielded electrodes, scissors, fine-pointed 
forceps, fine aneurism-needle, or fine sewing-needle fixed in a 
handle, with the eye free to serve as an aneurism-needle, fine 
threads, pithing-needle, i per cent, watery solution of curare, 
hypodermic syringe or glass pipette. 

(a.) Arrange the battery and induction machine for an inter- 
rupted current with a key in the primary circuit, and a Du Bois 
key to short-circuit the secondary, as in Lesson XXXI. 2. 

(h.) Destroy the brain of a frog, and by means of a hypodermic 
syringe or a fine glass pipette inject into the ventral or dorsal 
lymph-sac two drops of a i p.c. watery solution of curare. [The 
curare of commerce is only partly soluble in water, but its active 
constituent curarin is. Rub up i gram curare in loo cc. water 
and filter]. The poison is rapidly absorbed. At first the frog 
draws up its legs, in a few minutes it ceases to do so, and will lie 
in any position in which it is put, while the legs are not drawn up 
on being pinched, and the animal lies flaccid and paralysed. 

(c.) Expose the heart, and observe that it is still beating. 

(d.) Expose one sciatic nerve. 

(i.) Stimulate the sciatic nerve with interrupted shocks (faradisa- 
tion) ; there is no contraction, 

(ii) Apply the electrodes to the muscles; they contract. 

There/ore curare has paralysed some part of the motor nerves, hut 
not the muscles. 

In curare poisoning the nerve-trunk itself is not inexcitable, but 
the nerve-endings in the skeletal muscles are so affected, i,e,, 
paralysed, as to prevent the excitatory state of the nerve being 
propagated from the nerve to the muscle. The following experi- 
ment proves this : — 

2. On what Fart of the Motor Nerve does Curare Act? 

(a.) Induction apparatus as in the previous experiment. 

{!),) Destroy the brain of a frog. Expose the sciatic nerve and 
the accompanying artery and vein on one side, e.g., the lefty taking 
great care not to injure the blood-vessels. Isolate the sciatic 
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nerve, and then tie a stout ligature round all the other structures 
of the thigh. In tliis way none of the poison can pass by a col 
lateral circulation into the parts below the ligature. 

(c.) Inject a few drops of a i p. c. solution of 'curare into the 
ventral lymph-sac. The poison will be carried to every part of the 
body except the left leg below the ligature. The animal is rapidly 
paralysed (20-30 mins.), but if the non-poisoned leg (left) is 
pinched, it is drawn up, while the poisoned leg (right) is not, t.e., 
there is a reflex movement of the non-poisoned limb, so that the 
afferent (sensory) nerves, spinal centre and motor nerves are still 
unaffected. 

{d.) Wait until the animal is thoroughly under the influence of 
the poison, i.e,, when all reflexes cease, and then expose both sciatic 
verves as far up as the vertebral column and as far down as the 
knee. 

(i.) Stimulate the right sciatic nerve. There is no contraction. 
Therefore the poison has acted either on nerve or muscle. 

(ii.) Stimulate the right gastrocnemius muscle ; it contracts. 
Therefore the poison has acted on some part of the nervous path, 
but not on the muscle. 

(iii.) Stimulate the Uft sciatic above the ligature; the left leg 
contracts. The part of the nerve above the ligature was supplied 
with poisoned blood, so that the nerve-trunk itself is not paralysed, 
as may be proved by stimulating any part of the left sciatic as far 
down as its entrance into the gastrocnemius. Stimulating any 
part of the left nerve causes contraction. Therefore neither 
nerve-trunk nor muscle is affected. The nerve-impulse is blocked 
somewhere, in all probability by paralysis of the terminations of 
the motor nerves within the muscle. 

(e.) Apply several drops of a strong solution of curare to the left 
gastrocnemius, and after a time stimulate the left sciatic nerve; 
there is no contraction, but on stimulating the muscle itself con- 
traction takes place. 

The independent excitability of muscle is further proved by 
other experiments, all of which we owe to W. KUline, 

(i) The Sartorius experiment (p. 191). 

(2) Kiihne's Curare experiment (p. 194). 

(3) The Gracilis experiment (Lesson L.), 
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Kiihne's Saxtorius Experiment. 

(a.) Isolate the sartorius (fig. iii) by the method given at 
p. 186. Suspend the muscle by the thread tied around its tibial 
attachments, ie,y with its iliac end downwards. 

(ft.) Allow the iliac end to dip into a drop of pure glycerin 
placed on a greasy surface. The muscle gives no response. Wliy ? 
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Because it is devoid of nerve-fibres. Then cut across the muscle 
about 4 mm. higher up and dip the fresh transverse section into 
the glycerin. Soon the muscle twitches. Why? As glycerin 
stimulates nerve and not muscle, there is no response until the 
glycerin is either directly applied to nerve-fibres, or is diffused 
so as to afiect them. 

Klihne used this experiment to demonstrate the independent 
excitability of muscle and nerve. 

4. Comparative Excitability of Muscle and Nerve. 

(a.) Prepare a frog as for the curare experiment, i.e,, ligature 
one leg all except the sciatic nerve on that side, then inject curare 
into a lymph-sac. After the curare has acted, expose both sciatic 
nerves and both gastrocnemius muscles. 

(6.) Note the. approximation of the secondary coil to the primary 
required to obtain a mechanical response or contraction to — 

(i.) Single make induction shocks. 
■ ^ (ii.) Single break induction shocks, 
(iii.) Faradisation. 

When the electrodes are applied to the sciatic nerve of the 
ligatured limb, i.e., the protected side, tabulate the results. 

(c.) Apply the electrodes directly to the gastrocnemius muscle 
of the opposite side, i.e., the poisoned limb, wliich is practically 
nerveless, as curare paralyses the terminations of the motor nerves. 
It will be found that a stronger shock is required to cause the 
muscle to contract than is necessary through the intervention of 
the nerve, i.e., muscle is less excitable than nerve. 



Direct Stimulation of 
Nerveless Muscle. 


Distance of Primary from 
Secondary Coil in cm. 


Stimulation of Nerve uf 
Ligatured Limb. 
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B. 
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5. Pobl'B Commutator (fig. 
along two different pairs of wi 
the current in a pair of wires. It consiGta of 
wooden or ebonite block with six cups, each 
in connection with a binding screw. Between 
two of these stretches a bridge insulated in 
the middle, Tlie battery wires are always 
attached to the cupa connected with this 
(i and 2). When it is used to paj« a current 
through different wires, the cvoss-bars are 
removed and wires are attached to all eix cups, 
3 and 4, 5 and 6. On turning the bridge 
to one aide or other, the current is Bent through 
' ' "" ) the direction of a current. 



3) is used for sending a cnrrent 
' ig the direction of 
1 round or square 



"'1*8, h™dea the battery v 
e.g., V3 J and 4, or 5 and 6, the c 




i attached to the raeroiiry cups, 
?-bara remaining in. 



^ ADDITIONAL EXERCISES. 

6. Cnrare and BoeentharB Hodification, 

(o.) Prepare a. frog as in tho previoua expfirimpnt, ligature the left leg- all 
eicejit the sciatic nen-e— and inject cuiere. After complete paralysis occars, 
dissect out both legs with the nerves attached. Attack straw dags (NPaod P) 
□t ditferent colours \o the toes of both legs by pins, and fiii both femora in 
muscle- forceps (F) with the gastrocneniii uppermost (fig. 114). Plaoa the 
nerves (N) on the plattunm points ot Du Bois-Reymond's Sectnides (Gg. 9S). 

Ifi.) Arrange the induction apparatus as in ha. 114, coauecting the 
terminals afthe secondary coil nitb tbo piers of a Pom's oommntator (fig. 113) 
without doss-bsrs iH), Two otber wires [laas ftma two otlier binding screws 
of the conimutAtor to tbe electrodes 'N), while two Ihin wires pass mim the 
otlior two binding screws (0), and theLr other ends are pusbod through the 
gBstrociiemii muscles. The conimutator enables the tetanising eurrents to be 
passed either through both nerree or both muscles. It is more convenient 
if the secondaiy circuit have a key, si> that it may be short-circuited when 

(i.) Set Neefs hammer going, and tuin the handle of the commutator so 
that the current pusses thi'ough bolh im'tuv ; only the non-poisoned leg (NP} 
contracta. 

(ii.) Reverse the handle and y-^a the current through loth inutclet; both 

(iiL) Soaentbal's Hodification.— Pueh the secondary spiral far away h'om 
the primary, and pass the current through both musi-lcs. At first, if the coils 
be suflicieDtly far apart, there is no eDiitraction in either muacle. Gradually 

Sush up the secondary coil, and Dotice on doing so that tlie inm-poisunei 
iab finCracis first, and that, on continuing to push up the secondary coil, 
both muscles ultimately conti'act. 




(e.) Ifa curarisfld 
t>art» contract at once, because all the 
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Oq stimutsting the nerve of A, 11 
rve of 6, iti muscle docs not contracl 
but the muscle contracts when it i 
stimulated directl?. In A, aUhaagh 
the poison ia applied dii'ectly to ttm 
nerre-trunk, the nerve is not [ 

S. EUhne's Gomre ExperimBnt 

— (a.) To the margin of a meat-plats 
fix two copper lltpB, to serve ai 
attaciiDients for the electrodea. am 
between the copjier tarminals placi 
8 strip of filt«rpap«r moistened with 
normal saline. 

(A.) Excise the sartorins ofa large 
frog, and cut it tranaversely into 
five pieces of nearly equal length. 
PJacs them ia their onginiil order 
on the filter-japer, niimlwring them 
I to 5, Pase a feeble tetaui'dng 
current through the muscle, and 
note that the central iiarts, i.e., 2, 
3, and 4, contract, while 1 and 5 
remain quiescent. On making the 
current stronger the terminal ] 
also contract. Why! Bee 
tliere are no nervca at the end of 

„, . thesartorius and inthafiuttnatanoa 

: C. Com- the muscular fibres are really excited 
^irtullina: by stimulation of the intramuscular 
smitted In teminationH of the nerves, while in 
the case of the end parts of the 
stimulated directly. 

*" experimented on in the same way all the 
"" * 'ves in the muscle are para- 



•- LESSON XXXIV. 

THE GRAPHIC METHOD- MOIST CHAMBBR- 
SINQLB CONTRACTION. 

1. Eecording Apparatus.— Use a revolving brass cylinder or 
other moving surface covered with smoked glazed paper. The 
velocity of the moving surface is usually determined by recording 
simultaneously the vibnttions of a tuning-fork of known rate of 
vibration, or an electro- magnetic time-marker, or by a vibrating 
reed {p. sii). It doea not matter particularly what form of 
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recording drum is used, provided it moves smoothly and evenly, 
and is capable of being made to move at different speeds as required. 
In Hawksley'B form of drum tliis is accompljahed by placing the 
drum on different axles, moving at different velocities. In Ludwig'a 
form (fig, 115) this is done by moving a small wheel, k, on a large 
brass disc, 1). Where a number of men have to be taught at 
once, one must have recourse to an arrangement of shafting, 
moved, say, by a water-motor or turbine, from which several 
drums can be driven by cords. Or one may nse a small gas- 
engine as the motive power, and cords passinR over pulleys to 





move the dmms. This is the arrangement adopted in the Physio- 
logical Department of Owens College, so that a number of men 
can work at the same time, each being provided with recording 
apparatus for himsfilf. The Thirlemere water-motor may also 
be used for actuating a number of recording cylinders. 

2. Fixing and Smoking the Paper.— The paper ia glazed on 
one surface, and is cut to the necessary size to suit the drum. 
The drum oan bo removed from the clockwork or other motor 
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which moves it, and is then covered with a strip of paper, the 
latter being laid on evenly to avoid folds, glazed side outermost. 
One edge of the paper is gummed, and slightly overlaps the 
other edge. Leave it for a few minutes until the gum dries. The 
paper has then to be blackened, by holding the drum and keeping 
it moving over a fan-tailed or bat's wing gas-burner, or paraffin 
lamp — the former is preferable. Take care that the soot from 
the flame is deposited evenly and lightly, and see that it is not 
burned into the paper. The drum is then placed in position in 
connection with its motor. (See Appendix.) 

To obtain a very fine film of soot, Hiirthle has invented a "smoke-spray." 
The soot from the flame of a turpentine lamp is blown by means of an 
elastic ball -bellows against the paper. 

8. General Eules for Graphic Experiments. 

(i.) Arrange the apparatus completely, cover the drum with 
paper, and smoke it, before beginning the dissection. 

(2.) Test all the connections stage by stage as they are made. 

(3.) Each tracing is to be inscribed with the name of the 
individual who made it, the date, what it shows, and then it 
is varnished. 

4. Myographs. — Various forms are in use, but most of them 
consist of a light lever which is raised by the contracting muscle, 
and so arranged as to record its movement on a smoked surface of 
paper or glass. Such curves are called " isotonic " by Fick. The 
movements of the muscle are thereby magnified and rendered 
visible to the eye. Or the lever may record its movements on a 
moving surface. Taking advantage of the fact that a muscle when 
it contracts becomes both shorter and tliicker, myographs have 
been constructed on three principles : — 

(a) Shortening of muscle attached to a lever. 

{P) Thickening of muscle on which the lever rests. 

But suppose a muscle to be so fixed that during activity it cannot 
contract, then we have changes in tension, so that we can record 
changes of tension by the so-called " isometric " method introduced 
by Fick (Lesson XX XVI.). 

(y) Changes in tension. 

The recording surface on which the style of the lever writes may 
be— 

(i.) Stationary (Pfliif/er^s), 

(2.) Rotatory (Helmkoltz^s). 

(3.) Swinging pendulum (Fick's), 

(4.) Moved from side to side by a spring, either vertically {Du 
Bcm-Reymoiid) or horizontally. 
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5. UUBCle-Lever (change in length of muBcle). — It is cnBtomaiy 
to use Buch a muscle-lever as is shown in lig. 1 16, with the weight 
attached directly under the point of attachment of the muscle to 
the lever. This has its disadvantages, aa it is set into vibration hy 
the rapid rise of the lever. Fick liaa ahown that by using a light 
straw lever, tlie muscle itself being made tense not by a weight 
applied directly under the point of attachment of the muscle to 
the lever, but by attaching the weight over a small pulley fixed 
to the steel axis to whicli the lever is attached, by this arrange- 
ment the weight is raised but little, and even with a rapid con- 
traction does not move quickly. 




6. Moist Chamber (fig. 116). — To prevent a preparation from 

setting dry, enclose it in a moist chamber, which is merely a glass 
shade placed over the preparation. To keep the air and the pre- 
paration moist, cover the aides of the shade with blotting-paper 
moistened with normal saline. 

T. Vamiah for Tiaeings. — The tracing is drawn through the vitmiah and 
thou hung up to dry, 

(a.) A. good Tarnish consists of gum mastic orwhite shellao dissolved to 
saturation in methylated spirit. 

{b. ) Where a large quantity is used, and economy is an object, giun juniper 
may be used instew of mastic. 

(c) Dissolve 4 oz. of taudaroc in 15 oz. of alcohol, ajid add half an oz. of 
cblorofono,' 

8. Single Contraction or Twitch.— Apparatus. — Recording 
drum, Daniell's cell, Hg-key, induction coil, Du Boia key, wires, 
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electrodes, moist chamber and lever (or crank-myograph), moist 
blotting-paper, stout ligatures, hook, pins, lead weight (20 grams). 

(a.) Cover the drum with glazed paper, smoke it, and arrange it 
to move slowly. 

(h,) Arrange the apparatus : — DanielFs cell and a mercury key 
in the primary circuit, the secondary circuit short-circuited, and 
with wires going to the binding screws on the platform of the 
moist chamber on the myograph (fig. 116). [The muscle may be 
caused to contract either by stimulating it directly, in which case 
the electrodes are made of thin wires, and merely pushed through 
the two ends of the gastrocnemius, or indirectly tlirough the nerve. 
It is convenient to use the latter method (Lesson XXXII.).] 

(c.) Make a nerve-muscle preparation, leaving the lower end of 
the femur in connection with the gastrocnemius, and cut away the 
tibia and fibula. With the point of a sharp pair of small scissors 
make a small hole in the tendo Achillis, and insert in it an S-shaped 
hook, made by bending a pin. Arrange the preparation in the 
moist chamber by fixing the femur in the muscle clamp, and by 
means of a stout* thread attach the hook in the tendo Achillis to 
the writing-lever. See that the muscle or ligature goes clear 
through the hole in the stage, and that the hook does not catch on 
anything. Place the nerve over the electrodes, and cover the whole 
preparation with the glass shade lined on three sides with moist 
blotting-paper. Load the lever either directly or by means of a 
scale-pan near where the muscle is attached to it by a weight of 
about 20 grams, and make the lever itself write horizontally on the 
cylinder. The writing-style on the tip of the lever may be made 
of very thin copper foil or parchment paper, fastened to the lever 
with sealing-wax or telegraph composition. 

As here arranged the primary circuit is made and broken by 
hand. 

According as the recording surface is stationary or moving 
when the muscle contracts and raises the lever, either an upward 
Hne or a curve will be made upon the paper. In the latter case 
the form of the curve will vary with the velocity of the dioim. 

A. Simple twitch with the recordihg cylinder stationaxy. 

By this arrangement one registers only the lift or height of the 
contraction, and its relation to the strength of the stimulus; 
yielding minimal and maximal contractions. A light (isotonic) 
lever is chosen, such as will amplify the movement 6-8 times, 
while the weight to be lifted is such that the tension of the 
muscle is about 8-10 grams. 

(a.) Push the secondary coil away from the primary, open the 
key in the secondary circuit, and make and break the primary 
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B. Close ^M 



circuit. There may be no contraction at either M. 
the secondary circuit key, 

(6.) Open the short-circuiting key, gradually push up the secondary 
coil, and break the primary circuit by means of the key in it. 
Observe when the first feeble single contraction or twitch is 
obtained ^ minimal contraction. Make the primary circuit, there 
is no contraction. The break alioek is etroiv}ifr than the make. 
Record under each contraction whether it is a make (M.) or break 
(B.) shock, and the diatanca in centimetreH of the secondary from 
the primary coil. The minimal contraction may first be obtained 
when the secondary coil is 35—40 cm. from the primary. Move 
the drum a short distance with the hand ; the lever inscribes a base 
line or abscissa. 

(c) Push up the secondary coil ,5 cm. at a time. Test the effect 
of the make and break shocks, after each test moving the cylinder 
with the hand, and recording the result as to M. or B., and the 
distance in centimetres of the secondary from the primary coil. 
After a tiiae a M. contraction appears, and on pushing ap the 
secondary coil the M, contraction becomes as high as the B. 
(%. "7). 



Fl(J. ii;,-Coilttat 



cull. Tile cjlindar 
itAQce bj hand. 



(d.) Increase the stimulus by bringing the secondary nearer 
the primary coil, and notice thab the contractions do not become 
higher ^ maximal contraction. In each case keep the M. and 
B, contractions obtained with each strength of current close 
together. Their relative heights can then be readily compared 

(fig. 117). 

B. Twitch with Cylinder revolvii^ (fast speed), — Arrange 
the experiment as in A, but allow the cylinder to revolve about 
50 centimetres per second. 

{a.) Select a strength of stimulus (break shock only) wliich ie 
known to cause a contraction, and while the cylinder is revolving, 
cause the muscle to contract. 
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{I/.) Study the mnHcle-ciirve obtained, a so-called "isotonic" 
cnrve (fig. 121). 

C. Vary the velocity of the cylinder, and observe how the 
form of tlia curve vaiiBS with the variation in velocity of the 
:, and record the 
contractions either (L) 
all on one absciesa, 
(ii.) I'pcord each cor 
traction on a different 
abscissa, recording 
time-curve under each 
(Lesson XXXV.)- 
D. Remove the trao- 
™ ^ ,. . 1 ^.. . . . .. Di 1 '"Rs and varnish them. 

Fio, ii3— 7roj!'« Gaitrocnemlii" SllnrnlfltEd by a Blngle ° ^^ 

Unit {».) snd BreiiklB.) tttiock, tlie distance between 

r*odu. In the lower flgnf a Ihe muS^le waa aome.hat J'- ,, ^ „' ' ° '^ ^ " i 
faUEued. SloH ra^e nf apeed. "Lift ' tO Strength 01 ' 

Stimulus. ^- Suppose '' 
oiip uses only break .sliocks, and, beginning with the first effective 
stimulus (" Minimal Contraction ") and gradually increasing the 
strength of the stimulus, one ohta.ina a gradual increase in the height 
of the " lift " until a certain maximum of lift (" Maximal Con. 
traction ") is reached, above which, even though the stimulus t 
creased, there is no further shortening of the muscle. If a muscle 
be stimulated directly (i.e., the electrodes applied to the muscle 
direct), the difference between the first effective stimutus (minimal) 
and the lirst effective maximal stimulus is considerably greater than 
by indirect stimulation {i.e., when the stimulus is applied through 
the nerve). 
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LKSSON XXXV. 
CBANK-MYOGRAPH— AUTOMATIC BREAK. 

Instead of the muscle-lever shown in fig, 1 16, very frequently the ' 
cRink-myograph is used (fig, 119). The muscle placed on it can ■ 
be kept moist by a cover of blotting-paper moistened with normal 
saline. 
^* 1. The Cranfc-Myograph (fig. 119) is fixed on a suitable sup- I 
port, so that it can be adjusted to any height desired. 

After-Load, — In the crank-myograph, under the lever, is a 
screw on which the horizontal arm of the bell-crank reste (fig, 1 19, , 
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a), so that the muscle is loiided only during its contraction. Thus 
a muscle may he " loaded '' or " aiter-loaded " ; in the former case, 
the muscle is loaded with a weight, hoth when it is aX rest and 
when contracting, hut in an "after-loaded" muscle the muscle 
raises the weight only during contraction, and is not stretched by it 
when at rest. The experiment is arranged in the same way as in 
Lesson XXXIV. 8. 

(a.) Make a preparation of the gastrocnemius with the lower end 
of the femur attaclied. Pin tiie femur firmly to the cork plate of 
the myograph covered witli blotting-paper moistened by normal 
sahne. Tie a stout ligature round the tendo Achillis, by a hook fis the 
ligature to the short arm of the lever, add a weight of lo-zo grama 
to the lever, and see that the lever itself is horizontal. Thrust two 
—which act as electrodes — from the Du Bois key in 
the secondary circuit througli the upper and lower end of the 
gastrocnerniuB muscle. 



1 




C. Ci>rk : B, B. Brua boi. 



(b.) Arrange the style of the lever so that it writes on the 
cylinder, and repeat, if desired, the experiments of the previous 
Lesson. 

(c.) Use different weights — 5 — 20 — 50 grams— and observe how 
the form of the curve varies on increasing the weight attached to 
the lever. 

2. Automatic Break, i.e., Uethod of Excitation. — It is con- 
venient to use a single break induction shock, i.e., the secondary 
coil is at such a distance from the primary that only the break sbocK 
is effective. One may, of course, break the primary circuit by tlie 
hand, as in the previous experiments, but this is not convenienl 
It is better to liave an " automatic break" (fig. 120) done by the 
drum itself as it revolves, the drum being introduced into the 
primary circuit. Two binding screws are placed on the stand, bat 
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one 19 insulated. Tiie axis of the drum carries a borizontaJ (adjust- I 
able) arm or " striker " carrying a platinum wire wjiich touches a 
wire fixed on a support on the insulated binding screw. Thus every J 
time the dram revolves a shock is induced, and always at the si 
moment, so that successive shocks can be recorded on the samaij 
ahacissa and the moment of stimulation can be found at once, 

\ 3. Simple Muscle-Curve with. Cr&iik-Myogi'apli and Antomfttie I 
Break. — Apparatus required. — (1) Recording drum moving at a J 
fast r&te (about 50 cm. per second) ; (2) crank- myograph ; {3) I 
chronograph vibrating 100 times per second ; coil ; keys. 




(a.) Arrange the apparatus as in fig. 120. The cylinder (D) i 
placed in the primary circuit. Wlien the horizontal arm or stnkeB 
(S) fixed to the vertical spindle touches the upright, the primaryJ 
circuit is made and broken and induction shocks are induced in t' * 
secondary circuit. Select a break shock, i.e., when the make is 11 
yet efi'ective. The vertical support (I.S) is insulated from tlWI 
base of the drum support. 

(ft.) Short-circuit the secondary current, arrange a ner 
preparation on a crank-myograph (M), place the nervi 



writing-lever to write • 



electrodes, arrange tlie 
iltura. 

(c.) Arrange the lever of a ebronograpli (vibriitiug loo timea per 
second and actuated by a Grove's cell in circuit with a tuning-fork, 
T.C time-circuit) so that the one writing point records exactly 
under the other. 

Make hase lines and ordi nates— muscle-lever and time-lever^ 
on the cylinder to mark the relative poeitions of the two writing 
points, or cause one to write exactly over the other. 

(d.) Adjust the position of the break key in order to have the 
tracing near the middle of the paper and not near where it in 
gummed. Open the short-circuiting key, set the chronograph 
vibrating, and the cylinderin motion during one revolution. When 
the striker (S) comes in contact with support (1.8) a break 
induction shock is obtained, and the muscle records a simple muscle- 
curve. Close the short-circuiting key. 

(''.) Record Che moment of stimulation by bringing S into contact 
with the style on I.S. The distance between this point and the 
beginning of the curve indicates the latent period. 

(/.) Btiidy the " muBcie-curve " (fig. lai), noting particularly 
the latent period, the ascent and descent. The latent periwl may 
be represented by a distance of 4. or 5 millimetres, but this delay 
does not represent the actual latent period, which is really much 
shorter. The long latent period is really largely due to the 
apparatus and therefore instrumental. Estimate, by means of tlie 
tuning-fork vibrations, the duration of each of the phases. 



LESSON XXXVI. 

ISOTONIC AND ISOMETRIC CONTRACTIONS— 
-WORK DONE— HBAT-BIGOR. 

1. ■ Isometric v. Isotonic Contraction (Pick). — In the ordinary 
way of recording a simple muscular response or twitch, as just 
described, a light lever (with a light weight attached) records its 
movements, so that the muscle is constantly stretched by and con- 
tracts against a small constant resistance during its contraction. 
Such a curve is iBotonic (fig. ui). 

If, however, the muscle contracts by pulhng on a strong spring of 
great resistance, — such a spring, for example, as requires about 500 
grams to bend it shghtly, — then the curve obtained is iflometric. 
The curves obtained by clinical dynamometers are of this class. 
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For iaometrio cnrves Fick attached a mascle to ths short arm of a levsr, th« 
otbar arm beiug preveatnd Irom moving much hy the resistance of a strong 
apring. In this Way one obtains a curve, wbich shows little change of form, 
but indicates the incr?a9e and decrease of Itmsioii during the contraction, the 
length of the muscle remaiiiiug nearl; constant, and for thia reason Ficb 
called it " isometrio." Ot course an ahsolutel; iaometric curve caDuot be 
rnoorded. 




jrMi™(D,F.)=,s„,,e 




tnthe! 



^.j- <»....« niusclB, o: 

— ^. the beginning oft 

, i.e., the length remaining t! 
lUin of its tension sooner than j 
the tension being the boib 
reaches the maximum of ' 
shortening. Moreover, the i 

that it 



e is Hat-topped, 
m (fig. 122). 



2. Registration of Tea. 

aion of a Uuscle (Fick). — 

n tlic two ends of s 

[b aro 80 fixBd that 

during activity they cannot 

approximate towa^s eacdi 

other, ttien t)ie muscle does 

not (thange its length bnt only its tension. Fick calls this an 

" isometric " method. 

One can record the change in tension by means of a " tension- 
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recorder" devised by Fick (fig. 123). One end of the muscle is 
fixed, the other is attached by means of an inextensible thread 
which passes round a small pulley fixed on a steel axis (A). This 
axis carries (i) a long light recording lever (Z), and (2) a hori- 
zontally placed steel spring (F) whose free end rests on a support 
(u). When the muscle contracts, the spring (F) is pressed against 
tlie support (u). In consequence of the opposing tension of the 
spring the axis can only be turned slightly, but this movement is 
greatly amphfied by the recording lever. 

Schonlein has devised a myograph {Pfluger*8 Archiv, Bd. 52, p. 
112), which is so arranged that one can record either isotonic con- 
tractions or isometric contractions. The isometric curves so 
obtained have been called " tonograms." The apparatus is made 
by W. Siedentopf in Wtirzburg. 

3. Work Done during a Single Contraction. — Arrange a gastroc- 
nemius to record on a cylinder, but record only the " lift," as in 



A 

0- 



j? 



Fro. 123.— Scheme of Fick's Tension-recorder. A. Axis movement ; F. Strong spring 

resting on support u ; Z. Writing-lever. 

Lesson XXX IV., the cyhnder being stationary, moving the 
cylinder with the hand as required. On the lever under the 
muscle attachment place a scale-pan, and in this place weights of 
known value. With each twitch the muscle lifts the weight, and 
thus does a certain amount of work which is easily calculated. 

{a.) Measure the height of the tracing from the base line or 
abscissa. This is conveniently done by a paper millimetre scale 
fixed to a microscopic sHde. The work done (W) is equal to the 
weight (lo) lifted multiplied by the height (//) to which it is lifted — 

But, of course, a long lever being used, the tracing is much higher 
than the actual shortening of the muscle, 

(b,)To determine the exact amount of the lift, one must know the 
length of the lever and the ratio between its arms. Suppose the 
one to be ten times as long as the other, then the total work in 
gram-millimetres must be divided by 10. 
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{[■.) To determine the greatest amount of work obtainable, 
various heights must be tried to get the largest product, care 
lioing taken not to fatigue the muscle, 

^4. Curve of Heat-Bigor. — (n.) 
Arrange d. frog's gantrocnemina to 
record by means of a craiik-mjo- 
jraph OD a slow-revolving drum, 
weighting it with 30-50 grams. 
InacribE the continuous change of 
fonii of the muscle [irodueed b; 
pouring water at 70" C. on ths 
muscle. 

(i.) Or, uaa the following appa- 
ratus deriaed by Ludwig. where, 
however, the sartorius is used in 
place of ths gastrocnemina, as it 
has parallel fibres (fig. 124]. 

<^ 5. Chordogram. — Engelmann 




(Crt" 






1895) b 



shown that, when a abort length 
(5 cm.) of an E violin string, pre- 
viouBly swolleci in water, is fixed 
aa as to record any alteration in 
its length, on suddenly heating the 
string the lever rises, and on cool- 



ing 1 



e lev 



' falls a 



recorded just like a cotitraetion 
curve of miisele. Or a string may be made to bwbIJ by dijiping in hot water 
and then soaking in concentiatud glycerin. This can then be heated in air 
and the muvementa recorded. 
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1. Pendulum-Myograph MuBcle-Cui-ve. 

(a.) Cover the oblong glass plate with glazed paper, smoke itfl 
diirface, and fix it to the pendulum. The plate mii.st be so adjusted 
thai the pendulum, on being aet free from the "detent" (fig. 125, 
C), ahail be held by the " catch " (C). Test tliis. 

{h.) Arrange the primai'y circuit for single shocks aa in fig, laj, 
interposing the triggor-key or knock-over key of the pendulnm-- 
myograph (K'). Short-circuit the aecondary coil. 

(e.) Fix the femur of a nei've-muscle preparation in the clamp^. 
attach the tendo Achillis to the writing-lever (S), and place fiie- 
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narve over the eleutrodea in a moiat chamber or use a crank-myo- 
graph. Load the tever with ao grams, and direct its point to the 
side to which the penduhnm swings. Fix the pendulum with the 
detent, and adjust the writing-style of the lever on the smoked 
aurfaee. Connect the electrodes (or wires) from muscli 
the short-circuiting key 
in the secondary circuit 
(omitted in lig. 115). 

After opening the 
aeeondary circuit, with the 
hand break the primary 
circuit to moke certain 
that the muscle responds 
at break. 

{il.) Close the trigger- 
key (JC') in the primary 
circuit, and open the key 
in the secondary circuit. 
Allow the pendulum to 
swing ; BB it does so, it 
knocks over the key in 
the primary circuit and 
breaks the current, thus 
inducing a shock in the 
secondary circuit, whereby F'«._^;^'^5^.;^c^.n.,^^i,.^A™«™™i^c(^t^.j.|^_ 

themuscleisstimulatcdand ■ninl of (be induction iuBcliina; 8. Tuotb; K'. 

nniiaprl tji ro/.nwl Ha cnn Kbt ;C, C. CitoliM :£' ip the oiirner. Schema trf 

causea to reconl lla con- K': )r. KeylnprlmBiTfllrcull. Iliiwall tohare 

traction or mUBcle-Curve •iliuiti^ircnUlnjliBjln (heeeoonilMirolrciilt. 

on the smoked surface. 

(e.) AbsdsBa, i.e., the base line. Rotate the stand supporting 
the muscle to remove the writing point of the lever from the 
recording surface. Bring the pendulum back to the detent, adjust 
the writing-style, close the trigger-key, and keep the secondary cir- 
cuit short-circuited. Allow the pendulum to swing. Tliis records 
the base line. 

(/.) Latent period. — Bring the pendulum to the detent, shorf 
circuit the secondary circuit, and withdraw the writing-style as in 
(e.). Close the trigger-key, with a linger of the left hand keep it 
closed, allow the lever to touch the glass plate in its original posi- 
tion, and with the right hand bruig the knife-edge of the pendulum 
in contact with the trigger-key, so as just to open it. A curved 
line is inscribed on the stationary plate, which indicates the moment 
of stimulation. 

(g.) Time-Curve. — Remove the muscle-lever, place the pendulum 
in the detent, close the trigger-key, take a tuning-fork, vibTatim^^ 
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say, 120 or 150 double vibrationa pec second, and adjust { 
writing-style in the position formerly occupied by the style of thai 
muBcle-lever. Set the fork vilirating, either electrically or hyM 
striking it Allow the pendulum to swing, when the vibratio^l 




tuning-fork will record the time-curve under the musole-curre (fig. 4 
126, 250 DV). All the conditions miist be exactly the same vtM 
when the muscle-curve was taken. 






{/'.) Varnish the curve, and measure its phases. Bring ordinato#J 
vertical, a', b', e, to the abscissa, and measure the " latent period " 
(fig. 126, A), the duration of the shortening (B), the phase ofM 
relaxation (C), and the contraction remainder. 

actlfl 



^, 2. SpringJCyograph (fig. 127).— The arrangements s 
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' of the 



this same as for the ppnduliini myognph, the tn^q< 
myograpli being plited m the priimry rircuit 

(o.) Cover the glass with i:;li?cd pipir, •.tnokc it, 
the frame. Push the plate to 
one side, and fis it iiith tiio 
catcli. Close tlie trigger ki j 
{'')■ 

(b.) Make a nerve- mi iSL'le 
preparation, itnil arrange it to 
write on the glass plate. Opc'ii 
the secondary eitcuit, 

(c.) Press on t!ie thumb- 
plate (a), thus liberating the 
spring, when the glnsa plate 
slioota to the other side, when 
the tooth (1/) on its under 
surface breaks tjie primary 
circuit, and the muscle- curve 

(d.) Short-circuit the second- 
ary circuit, push back the 
plate, and fix it with the 
catch ; close the trigger-key, 
and slioot the plate ^ain to 
record the abscissa. 

(e.) Make a time-curve. Puali the plate bact again, and fix it ; 
close the trigger-key — in order that the cozirtitiona may he exactly 
tlie same as before — ^set a tuning-fork in vibration (rao double 
vibrations per second), and adjust its writing-style under tlie 
abscissa. Shoot the plate again, and record the time-curve. 




lUtkShgrt-giroulUngker-, LH 

; «. Bleclro-niiignBt in primnrir dr- 
t. Electric ilgnti ; SL Snpport ; SO. 
l>lns ojUiidBT. Iiitnidiice h short- 
iting ksj Intl. the leouudar/ olroulL 



ADDITIONAL KXKRCISES. 

3. Study the imnrored form of thia instriimeDt recently introduced 1>y Dn 
Bois-Reymnud iu wliieh the glass plate is set fiiie. and tliB tuniug-fork vibra- 
tions are I'scoiiied siiniiltaneously wheu a handle is pressed. It has a simple 
niecliauism for adjusting the writing-styles (or the muscle and absciesa. 



1. AnnljaiE of Tiritch on 

(a.) Arrange the drum to 

(ft. I Anuiiga an inductioi 

short-circuited, and arraiigei 




. Bevolving Snim. 

aove at a bst H|jeed(5o cm. per ssc.) 

coil for nitigle B. siiocks, the secotidsry cironit 

to stimulate a nei've attached to a muscle placed 

ik-iiiyogi'ap)], as diiected for the foregoing 



pendclum-mtooraph: 

Qrove's cell. Tha asalyslB may also be done bj mesna of the "■tttom»tio 
break " arrangement attached to the rerolving drum (Lesson XXXY.). 




flO. T3S.— Marej^ fflmple STyograph, aa made bJ Vordin. 

6. ^bratkag Beed as a Chronogra-ph. — Far measuring small interrtlB of 

time this la ver; conveoient. Tbe anaugement voa first adopted bj Oron- 
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mach, acting 

hundred times ]>«r sFcunu, cDvera 

of a gradually-natrowing btasa 

tongue ia attached a atj ktte, which records tJie mi 



LKgeation of ETOtiecker. A steel tongue, vibrating a, 



lorthelbrmer. T« | 




the open end of the brass tube of the instrument is attached a brau ball ei 

' '□ the latter a caoutohonc tubs. When air is sucked thnmglt I 
'i'h it the stjlette) is aet vibrating. It may M J 
1 BajiiratoT placed in oonneotion with ■ watn- -1 



the apparatus, the reed (ar 
kept Yilirating b; mesns c 
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7. Maroy'a Myograph(lig. 132).- 
tlie teitdoD ot the gasti'ocnGmiuH ii 
'eiglited i 



tia. The iiiusflle c&n be 
lore noTnial couditiotis tin 
•t the study of the action ofjiotBons aii niuBole. 



' TSMPERATtTRE, ETC. il$ ^H 

The i>ithed frog is pinned on a cork piste, ^^^| 

dissected out and attached to a wntiDg- ^^^M 

unteriioise'; the sciatic uervB ia dissected ^^H 

ivaj. The eiflinder moves ou a liorizontal ^^H 

ted while it is still in rilu, aud is under ^^H 

e case of au excised muscle. It is useful ^^H 

B oil niuBcle. ^^H 



8. Spring'Hyognph of Frederlcq (lag. 13]), — Tliis ia arranged in the same 
way as the spring-myograph, but the glnss plate is placed horizontally. The 
glass plate is pulled along rapidly by a band of caoutchouc. A key in the 

Sriiuary ciicuit is opned by nieana of a pio attached to the frame earning 
iBRlaBS plate when the plate is discharged. In an improved form of the 
instrument, a steet rod made to vibrate at tliB momeut the plate ia discharged 
records a ttrae-curve beside tlie musclecurTe. 



LESSON xxxviir. 

INFLtTENCE OP TEMPERATURE, LOAD. AND 
VERATRIA ON MUSCULAR CONTRACTION. 

1. Influence of Temperature on Unscular Contraction. 

(a.) Arrange tbe nerve-mtisele propBrntion on a. crank myograph 
— after-loaded — aa in Lesson XXXV.j UBing the automatic key by 
means of the drum. All tlie curves are thus taken on the sa 
lihseiaaa. Take a tracing at tlie normal toinp^ritui.' of the ro( 
Mark the moment of Etjmulation. 




(h.) Place ice upon the akin over the gastrocnemiuB for some 
time, or pour iced ea!t aohition on the exposed gastrocnemius, and 
then take another tracing ou the E&ine abscissa, noting the differences 
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in the result. The contraction is both much longer and lover, and 

the latent period is also longer. 

(e.) Pour on to the muscle warm salt solution and take another 
I tracing. Observe the result. Do not overheat the miiscle or Iieai- 
1 rigor results (fig. 1 34). 



e gauze over the leg, and allow 
he myngrapli. Heat tlie gauEe 
utraction is sliorter than in 1 



f\ Other Methods.— (rf.) Arijuat a piece of w 
St to project beyond the end of the plate oi i 
with a B)iint'1amp. Take a tracing. The c< 
{b. ), Do not overheat the muscle. 

(e.) Apiece of lead-piping of narrow diamater (i inch) can be bent into the 
fbna of a cylinder, and the maacle placed within it. Water of various 
temperstnres can then be paased through it. 

(/.) The muscle mtiy be attached to an ordinary horizontal writing-lever. 
Surround the muBcle with a double-walled ho>, with an iiiHow and outHow 
tube, through which water at different temporatui'ea can be passed. A 
delicate theiinometer is placed in the chamber H'ith the muscle. 

(g.) A oonveniotit method is to allow the muscle to rest on a small circular 
brass box, fitted into the wooden plata of the ciouk myngrajih. The box {B, 
B) is firovided with an inflow and an outBow tube, tlirough which water of 
the doBiicd teai^ier - ■ ' ^ 




2. Influence of Load on Form of MuBcle-Curve. 

(a.) Arrange an experiment witli the peniiuhim-myo{^ , 
Lesson XXXVII., using eithera muscle-lever or a crank-myograpli. 
Or, arrange a crank-myograph (after-loaded) to write on a cylinder, 
the cylinder being arranged to break automntically the primary 
circuit as at p. 202. Take all the curves on the same base line. 

(6.) Take a tracing with the muscle weighted with the levor 
only. 

(t.) Tlien load the lever successively with different weights (5, 
SO, 70 . . . 100 grams), and in each case record a 
how the form of the curve varies (fig. 135). 

(ff.) In each case record the abscissa and timc- 

3, Influence of Veratria on Contraction. 

(a.) Destroy the brain of a frog, and in.ject into thi 
lymph-sac a few drops of a i p.c, solution of sulphate of rentt 



e and obs-ttTB | 

:> the yent^^H 
« of renttiM^^H 
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When the frog is under the influence of tlie drug, dischnrge a 
reflex act by mechanically stimulating the skin of the leg. The 
limbs are extended, and remain so for several seconds, due to the 
lirolonged contraction of the eitenaors overcoming the flexors 
mid thus causing extension of the legs. 

(/'.) Arrange the induction niuchine for single shocks to make 
and break the primary circuit by the hand by means of a contact- 



key. Short- circuit the secotidary. Do not stimulate the muscle 
often, as the vewitria effect diminishes with activity of the muscle. 

(c.) Make a nerve-muscle preparation and fix it on a crank- 
myograph. On dividing the spinal cord notice the prolonged 
extension of the legs. 

Arrange the muscle-lever to record its movemeiita on a slow- 
revolving drum (1-2 cm. per second). Take a tracing. Note that 
the muscle contracts quickly enough, but the contraction is very 
high compared with that of a non-poisoned muscle, while the 





muscle relaxes very slowly indeed. The relaxation phase may 
last several seconds, »>., a kind of "contracture." Record half- 
seconds or seconds under the tracing. Tlie tracing may show an 
uneven curve, due to irregular spasms of the muscular fibres, or an 
initial contraction as in fig. 136. 

(d.) Take a tracing vritii a quick-moving drum, and sHch a curve 
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^ ^S- 137 ^U ^ obtained, where the drum goes round several 
times before the relaxation is complete. 

(fi,) Note that, if the " veratrised " muscle be made to contract 
several times, the effect passes off — only a simple twitch being 
obtained — but is re-established after rest. A high temperature 
also causes it to disappear. 

(/.) The direct action of veratria on muscular tissue may also be 
studied by the apparatus described in Lesson XLIII., and by this 
method it is easy to compare the form of the curve before and 
after the action of the poison (fig. 137). The drum makes many 
revolutions before the lever comes to the abscissa again. 

(g.) Investigate the effect of heat and cold in modifying -the 
curves obtained. Under heat the veratria influence passes off'. 
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ELASTICITY AND EXTENSIBILITY OP MUSCLE - 

BLIX'S MYOGRAPH. 

•^ 1. Extensibility and Elasticity of Muscle. 

(a.) Dissect out the gastrocnemius of a frog with the femur 
attached, fix the femur in a strong clamp, attach the tendon to a 
muscle-lever with a scale-pan attached. Neglect the weight of the 
pan, and see that the lever writes horizontally on a drum. It is 
better to do the experiment with the sartorius (or with the semi- 
membranosus and gracilis. Lesson XXIX.), as they have parallel 
fibres. 

(h.) Place in the scale-pan, successively, different weights (10, 
20, 30, 40 ... 100 grams). On adding 10 grams, the lever 
descends ; remove the weight and the lever ascends. Move 
the drum a certain distance (about 3**), and add 20 grams to the 
scale-pan. This time the vertical line drawn is longer, indicating 
greater extension of a muscle by a greater weight, but nevertheless 
the muscle lever will rise to its original heiglit on removing the 
weight. Repeat this with other weights. With the heavier 
weights see that everything is securely clamped. If the apices of 
all the lines obtained be joined, they form a hyperbola. The 
muscle, therefore, has not a large amount of elasticity, «.^., it is 
easily extended by light weights, and on removal of the weight it 
regains its original length, so that its elasticity is said to be perfect. 
The hyperbola obtained shows further that the increase in length 
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ia not directiy proportional to the weight, but diminislie; 
weights increase (fig. 138), 

(t.) Repeat the same experiment with a atrip of india-mbber: 
a equal increments of weight give an equal elongation, 
ao that a line joining tlie apices . 
of the verticnl lines draivn 
aftfir each weight is a sUal'jhf 
line (fig. 139). 





J>2. The ExtenBibility of 
Muscle is Increased during 
Contraction, its Elasticity is 
no. hb. — i^urvo i>( Diminished. fio i-w— 

Eij«i..WC.Fros. (^j j,-ix the gastrocnemius- fH^bt!'' 
or preferably aemi-membranoaus 
anJ gtiiaiba — in a strong clamp, connecting it to a lever to record 
on a drum, and adjust an interrupted euirent to stimulate the 
muscle, either directly or indirectly. 

ill.) Load the lever with 50 grams, and in doing so* allow the 
drum to move slowly. Eemove the load and observe the curve 
obtained. 

(1;.) TetanisD the muscle, and, while it is contracted to its greatest 
extent, again loadthe lever with 50 grams while the drum is in 
motion, and remove the load. Observe the curve. 

(d.) Compare the two cnrves. The second curve will, of course, 
begin higher, but notice that its aliaolute descent is greater than 
the first curve, and that it does not rise to the horizontal again, 

(e.) It is better to begin the experiment with the drum stationary, 
and then to record the tracing with the drum in motion, or it may 
be done with a stationary drnuL 

*«. Blix'8 Myograpb. — Although this myograph was described 
many years ago, it seems to be bub little used in this country. 
Personally, 1 am indebted to Prof. Fick of Wiirzhurg for his 
kindness in showing it to me. By means of it one can readily 
record the eurve of extensibility of a passive or an active muscle. 
Tlie foilowing sumranry is based on the description given by 
Sclienk, 

In the myograiili (lig. 140) thn muscle-clamp Hnd the part t« which the 
steet lever is attaj^hed form > rectsngiilar piece, S S, which glides ia a slot 
formed by tha guides, R R and R' R'. The slider. S S, carries at a the axis ot 
the lever a h, and also a lateral piece, A, placed at right angles for the attach- 
ment of the muscle, and one end of which ia Hxed to the lever at b. The 
weight is represented by P, which hy means of the collar, r, presses on the 
lever. TLifl collar, r, mores to and fro - not Irom side to side — between two 
pairs of fixed atuds, 1 1 and /, (,. 
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Suppose the slider to be pushed as far to the left that the axis^ a, just lies 
opposite to the collar, r — a point which is adjusted on the apparatus — then 
the tension of the muscle is nil. On moving the slider with the hand towards 
the right, so that the weight, P, acts on points of the lever more and more 
removed from a, then the tension of the muscl^ increases steadily, when the 
writing point, p, records the curve of extension, ;?, on a horizontally placed 
and stationary wooden board or glass plate covered with smoked glazed paper. 
In using the apparatus, board, slot, and slider are placed horizontally, the 
weight, P, is not applied directly to/, but to the latter the weight is attached 
indirectly by means of a coi*d which passes over a pulley. 

Appazatus. — Blix's myogi*aph, inau<;tion coil arranged for repeated shocks, 
the electrodes being directly connected with the muscle. The best prepara- 
tion to use is the double semi-membranosus and gracilis (Lesson XXIX. 5) 
placed side by side and firmly attached to the lever. For these muscles taken 
from a large Hatia esculenta a weight of 2 kilos is used, and for the corre- 
S{)onding gastrocnemius i kilo. 




FlO. 140.— Scheme of Blix's Myograph. 8, 8. Slider; RRwnA R R. Guides for slider; m^Jki ^ 
Lever ; A for muscle ; P. Weight ; r. Collar ; 1 1 and ti ti. Guides for collar canytM ^ 
weight ; p. Recordiug point. -" ' 



A 
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(a.) Take a curve of a passive muscle from the point of greatest tension to :'' 
nil tension. 

(6.) Take a similar curve from a tetanised muscle. Compare the two 
curves, and it will be found that the curve of extensibility of the passive 
muscle is less steep than that of the tetanised muscle, i.e., a contracted 
muscle is more extensible than a passive one. 

(c.) On a tetanised muscle, move the slider so that the tension is increased 
from nil to the greatest possible, i,e. , the muscle is more and more ** loaded,** - 
and then reverse tliis, so that from the greatest tension there is graduaUy 
"unloading." The two curves so obtained do not coincide: the latter lies 
considerably below the foimer. It would therefore appear, as far as the-iM>n- 
traction is concerned, that it is not a matter of indifference whether the 
muscle is being gradually * * loaded "or * ' unloaded. " 



4. Elasticity of an Artery. — Test the elasticity of a strip of aorta in the 
same way. 



rwo SUCCESSIVE SHOCKS. 



LESSON XL. 



1. Two SaccesBive Shocks. — The primary current may bo 
broken by meana of a revolving drum, i.e., using the automatic key 
ffig. 120), Two atrikera can easily be arranged on tbe same 
support (IS), and their angular daviation can easily be adjusted to 
give any required interval betweea the two successive shocks. 

Fig. 141 sliowa several tracings indicating the effect of summa- 
tion or superposition of one contraction on another, and how the 
result varies with tlie particular period or phase of the contraction 
at which the second shock or stimulus is apphed. 
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second curve is superposed on the first, and the height of the com- 
pound is greater than the oiiginal muscle-curve (fig. 141, 3). 

(iv.) Apply the second stimulus within the latent period of the 
'first contraction. There is practically no alteration in the height 
of the curve (fig. 141, 3). 

2. Tetanus. — A tetanising current may he ohtained hy Neef's 
hammer, or hy means of a vibrating rod. Apparatus. — Daniell's 




ItO. 143.— Scheme of arrangement for Tetanns. VS. Vibrating spring ; Jf. Gup for 

mercury. Other letters as before. 

cell, five wires, flat spring, cup of mercury in a wooden stand, 
induction coil, Du Bois key, drum moving at the rate of 5 cm. 
per second, — i e., the cyUnder moves once round in ten seconds, — 
crank-myograph. 

(a.) Arrange the experiment as in fig. 142 ; the induction coil 
for single shocks, short-circuiting the secondary circuit. Place in 
the primary circuit the flat metalUc spring, held in a clamp. One end 
of the spring has a needle fixed at right angles to it, which dips into 
a cup of mercury. The needle hangs just above the mercury cup 





Fio. Z43.— Curves of incomplete and almost complete Tetanus. 



when the spring is at rest, but dips in and out of the mercury when 
it vibrates. The clamped end of the spring is connected with the 
battery, while the mercury cup is connected with the induction 
coil. Cover the mercury with alcohol and water (i : 3), to prevent 
oxidation, and to keep the resistance more uniform. Select a 
strength of shock which gives response only at break, thus eliminat- 
ing the make shock. 
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(b.) Arrange a nerve-muscle preparation as in fig. 119 to record 
on a slow-moving drum. Let the writing-lever be a short one. 

(c) Fix the flat spring firmly in the clamp, with ten inches 
projecting. Allow the drum to revolve, set the spring vibrating, 
and while it is doing so, open the key in the secondary circuit, and 
before the spring ceases to vibrate short-circuit the secondary 
current. 

(d.) Shorten the vibrating spring and repeat the experiment, 
making the tracing follow the previous one. 

(e.) Make several more tracings on the same abscissa, and let 
them follow each other at regular intervals, always shortening the 
springs until the tracing no longer shows any undulations, i.e,, 
until it has passed from the phase of " incomplete " to " complete 
tetanus." 




Fia. 144.— Tetanas Interrupter. W. Wood block; VS. Yibratinff spring; BS, BS^. Bind- 
ing screws ; C. Movable clamp ; C. Clamp to fix spring ; M. Cup of Mercury. 

(/.) Take a tetanus-curve by introducing Neef's hammer (HeJm- 
holtz's side wire) instead of the vibrating flat spring. 

(g.) Study the tracings. The first tracings are indented, but 
gradually there is more and more fusion of the teeth, until a curve 
unbroken by depressions is obtained. In the curve of .complete 
tetanus the ascent is at first steep, then slightly more gradual, 
speedily reaching a maximum, when the lever practically records a 
horizontal line parallel to the abscissa. When the current is shut 
off the descent is very steep at first, and towards the end very 
slow. 



3. Number of shocks required to produce tetanus depends on the animal, 
the muscle, and the condition of the latter ; the more fisttigued a muscle is, the 
slower it contracts, and, therefore, the more readily does fusion of contractions 
take place. A fresh frog's gastrocnemius re(j[uire8 about 27-30 shocks per 
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■eoond to produce anayletn totanitB. The following table ahowB spprozimatBl 



the number of ghocks per aecond retju.i 



Tortoise, 
Frog (hyoglo 
„ {gaatroo 
LobBter (claw), . 

„ {tail). . 
Rabbit (red muicle), 

,, (whit« ,, ), 






produce tetanus. 



-IS 



37-30 

40 (Riehel,). 

4-10 XlKromcker 

I and Stirling), 1 

300-400 (Marsg). 



4. Take s tracing with 10 or 15 vibrations per second, and then teat tt 
effect of different temperatures d[i the form of the tracing. Pour 00 ''* 
muscle nurmal aaline at the rei^uired temperature. Notice how cold 1: 
the fnaion, while heat makes the teta^nus less complete. 



ADDmONAL EXERCISES. 

'yK Interrnption by a. Hetronome, — Instead of the vibrating rod o 

bummer, introduce into the prim! 

circuit a metronome (fie. 145}, - 

vided with a wire whtch dips in 

mercurj cup introduced into tt|i 

primary circuit. Vary the rate « 

vibration ot the metronome, and nfi 

serve the efTect on the muscle-cumk, a 




7, Instead ol using the sprii 



M 



twoGro 






8. Magnetic Iiltermpting Tanlni 

Fork, — In.'ftaad of a vibrating Sprin| 
the primary current may be inti 
rupted by means of a tuning- Ibrk.j| 
known rate of vibration, and kqit S 
motion by means of an eIectro-n« ~ 
The instrument [Sg. 146) is in 
into the primary circuit, ai 
time the style on one of the ar 
tuning-fork dips into and 01 
lH cup, the primary current is made and brab 




'e ahocUgof Bqual irtcnsity, Eranecker has devised 
iij)]iarBtii9. The vibrating rod is so adjueted that •timuli from i to 
per eecoud can be obtained therewitli. 
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LESSON XLI. 
FATIGUE OP MUSCLE. 



1, Fatigue of Excised Muscle. 

(ffl.) Arrange an induction coil for break shocks, but interrupt 
the primary circuit automatically by means of the drum key (fig. 
120). 

(/'.) Fix a ner^erfiuscle preparation on a crank-myograph, with 
a long lever and a weight of 40-go grams, lay the nerve over the 
electrodes from the short-circuited secondary coil, and let the lever 
record on the drum. A break shock is obtaiued each time the 
drum revolves. The myograph sliould bo supported on a tangent 
stand. If a tangent support be used for the muscle-lever, then, 
although the muscle contracts at each revolution of the cylinder, 
one may record every tenth or fifteenth contraction just as one 
pleases (fig. 147). 

(c.) Observe that the height of the curves falls, while their 
duration ia longer. In nearly every case fatigue- curves from muscle 
show a " staircase " character (fig. 148), the second curve being 
Iiigher than the first one, and the third tliAH the second. 

2. Ta,t\gae-Caive or Excised Hiucle. — (a.) TJae a gl on revolving drum on 
which to record the musola tracings, bo slow that the ssoflnt and descent of 
the lever iurtn merely ooe line. Let the primary current be broken at I'egular 
intervals by means ofa revolving drum with a platinum style attached to its 
spindle, to make and break the primary current at every revolution (fig, 148). 
Ill this way a curve such as fig. I4ii is obtained. 
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(6.) NototliB "ataircase" cliBracter of the curve, i e., the s 
is iiiglier thiiii the first, the tliird tliBn the Becond, and si 
Dmul>er of caiitractions. After that the height ol the 



[XLI.'H 

cond coDtractioD ^^H 
on tor a certaia ^^^| 
contraction blh ^H 




■tesdiiy, so that a line uniting the Apices of all the i 
straight line approiimatel;. 

In a, latigue-etitvB, where only the "lift" is recorded, 
Hie lever increases with tlie number of atimuli — the stre 
remaining constant, so that one gets the phenomenon 
"staircase," After a time it falls at^adily 
tingniahed (fig. 14S), Note also that in the ph; 



ote that the riae of 

:th oi the atirauln* 

the "Trepj*" or 

til the p.xcitabilitj is ex- 

of relaxation the lever does 
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LESSON XLII. 
FATIGUE OF NERVE— SEAT OF EXHAUSTION. 

1. Can Nerve be Fatigued ?— We have seen that a muscle 
manifests fatigue, i.e., its store of material and energy are gradually 
used up, so tliat it shows a diminished capacity to respond to 
stimulation. Does a nerve manifest such plleno^lena ? Reasoning 
a priori^ from the fact that the only known sign obtainable during 
the activity of a nerve is the "negative variation of the nerve- 
current," one is led to suppose that very probably nerve-fibres 
partake but little if at all in the phenomena of fatigue. In fact, we 
shall find that nerve is practically inexhaustible. 

{Suppose one stimulated a nerve of a nerve-muscle preparation 
with maximal induction shocks until the muscle ceased to respond 
to indirect stimulation. This would afford no proof that the muscle 
itself was fatigued. Why ? Stimulate the muscle directly, and it, will 
respond. Therefore the seat of fatigue in this case is not primarily 
in tlie muscle, but must be sought for either in the nerve itself or 
at the end-plates where the nerve comes into relation with the 
muscular substance. 

2. Seat of Exhaustion — is it in Muscle, Nerve or End-Plates ? 

A. Not primarily in Muscle, — (a.) Arrange an induction coil for repeated 
shocks. Connect the secondary coil with a Pohl's commutator without cross- 
bars. 

{f). ) Prepare a nerve-muscle preparation, with a straw flag, or use a crank- 
myograph, and place its nerve over Du Bois electrodes attached to the com- 
mutator. Pass two fine wires through the gastrocnemius and attach them to 
the other two binding screws of the commutator. 

{c. ) Tetanise the nerve until the tetanus ceases. Then reverse the commu- 
tator and stimulate the muscle. It contracts. Therefore, the seat of fatigue 
is 7wt in the muscle. 

B. Not in the Nerve {N'-rve is practically inexhaustible), — (a.) Arrange a 
nerve-muscle preparation in connection with a coil for repeated shocks as 
before. Place the nerve over the electrodes from the secondary coil. 

(6. ) Arrange a DanielPs cell connected to N.P. electrodes, and short-circuited 
for a constant current— the " polarising current " (Lesson XLVIII ) — and place 
the N.P. electrodes next the muscle, so that the — pole is next the muscle, i,e,, 
with the ])olarising current descending. The ** {)oIarising current" so lowers 
the excitability of the nerve as to "block" the passage of a nerve impulse 
through this i)art of the nerve. The tetanising electrodes are placed near the 
upper cut end of the nerve. 

{c, ) See that the muscle responds when the stimulating current acts on the 
nerve, then throw in the polarising current, when at once the muscle ceases 
to respond, because the nerve impulse is blocked. Go on stimulating the 
nerve for an hour or loneer. We know that if there had been no " block " the 
muscle would long ere this have ceased to respond to indirect stimulation. 
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(i^.) Cloae the key ol the poldriBina circuit, i.e., removB the bloob. Ths J 
muscle reapondB at once. Tlierafore tlie loss of excitability or iod of ncAaif«- I 
(ion is ■out in the nerve {BeraaUin). Whore is it, then ( it most lie primi " 
somewhere between the nerre and lousole, i.e., U is in the emi-platai, or w 
nerve Joins muscle. Moreover, Bowditoh has ebown that the witttia nen 
a, curartsed cat may be stimulated for horn's, there being no mvac 
response, bnt as eooq as the eSect of curare, which is known to paralyse 
nerve -terminals in striped muscle, passes off, the muscles of the foot reapfl 
\j C. The two rasulta of B and C may be oomhined thus : — 

(a.) Dissect out two nerve-muscle preparations (A and B) from a ^g, ' 
clamp both femurs ia one clamp, and attach straw flags of dilfsrent colourH |l 
to both legs (fig. 114). Laj both nerscs over a pair of Da Uuis electrodes. 3 
Oover them, keep them moist, 

(S.) Attach the electrode wires to two of the binding screws of the c( 
tator wichont cross-bars, turning the handle, so that the current can be passed I 
through both nerves when desired. I 

(c.) To the nerve of B, between the Du Bois electrodes and the musolo,* 
apply a "polarising current" with its - pole next the muscle. 1 

('/.) Pasaan interrupted current through bolh iiemes ; A will become tetanifl^^ 
while B remaioa quiescent : the impulse cannot pass h«cauae of the "block'''' 
produced by the "polarising current," 

(«. ) Continue to stimulate the nerves tlntil A ceases to respond. Break | 
the polarising current, i.f., remove the block on B ; B becomes tetanic. 

As both nerves have been equally stimulated, both are equally fatigued 01 
non-fatigued. As B becomes tetanic, the seat of the fatigue u not in tlu 

Ab in A the seat of fatigue was not in the muscle, and as B shows that J 
nerve-fibres practically do not manifest the sigas of fatigue, it would b 
that its seat must be somewhere between muscle and nerve, in all probability J 
ID the end-platea. 
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1. This is best done by tbe method originally used by v. Bezold, 1 
and modified in a simple form by Biedermaun. A muscle with J 
parallel fibres— preferably a sartoriua— is fixed a little to one uide of I 
the midille line in a cork clamp so tlint the direH traosference o(l 
the change of muscle form, but not the excitation process in thft'V 
muscle, is prevented from passing, i.t,, one part of the muscle iaa 
stimulated while the other part records. 

(a.) Arrange an induction machine in connection with a ( 
mutator without croas-bars and two pai<j of thin wires, so as to be I 
able to send a single maximum break shock through either pair of J 
wires as in the curare e.^periment (LeaHon XXXIII.). Let tha , 
primary curreat be broken by the automatic drum key. Arrange j 
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a recording crank-myograph. Arrange time marking apparatus 

vnru h 

(b.) Dissect off with great care the sartorius of a curai-ised frog 

(p. 1 86), and connect its tibial end with the myograph-lever, 

(c.) Clamp the muscle a little to the tibial side of the middle 

line in a cork clamp, made by pushing two pins parallel to each 

other through two thin pieces of cork ; the i)oints of the pins project 

and serve to fix the preparation on the cork plate of the myograph 

(fig. 149). 

(d.) Thrust two pins through the muscle close to the clamp 
and two near its free end. These act as electrodes and are con- 
nected with the thin wires from the commutator, so that the muscle 
can be stimulated either near the clamp or far away from it. 
Stimulate the muscle first near the clamp and record the contraction, 
reverse the commutator, excite it away from the clamp and record. 
Two curves, one rising later than the other. The distance between 
the two indicates the time taken by the wave of contraction to pass 




FI6. X49.— Arrangement for itndy of Muscle Wave. E, E'. Pin electrodes ; C. Cork 

clamp ; L. Lever. 

over the distance from the far to the near electrodes. Measure the 
distance between the electrodes and calculate its velocity. It varies 
from I to 2 metres per second. 

(e.) Test the effect of cold normal saline in slowing its rate. 

2. (a.) Arrange two long straw levers on a cork frog-plate so 
that the two free ends of the levers record exactly over each other 
on a revolving drum. Record time (y^"). 

(A.) Remove the double semi-membranosus and gracilis (p. 1 79) of 
the thigh from a curarised frog, together with their bony attachments, 
and place them under the levers, the levers lying across them, and 
as far apart as possible. Let the muscles rest on paraffined paper. 
Fix the muscles through their bony attachments by means of pins. 
Through one end of the muscles push two pins attached to wires to 
act as electrodes. SSome prefer the two sartorii muscles, fastened 
together, the one lying on the other and fixed by means of pins. 

(c.) Stimulate with a maximal break induction shock and note 
that two curves on different abscissse are obtained, the one a little 
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later than the other. The distance between the two indicates the 
time taken by the contraction to pass from the one lever to the 
other. Test the effect of cold normal saline. 




Fia. 150.— Marey s Registering Tambour. Metallic capsule, T, covered with thin india- 
rubber, and bearing an alumiuiam disc, which acts on the writing-lever, H. 

^ 3. Thickening of a DCnsde dnring Contraction. 

(a.) Arrange a Marey's tambour to write on a pendulum-myograph (fig. 
150). 
{b,) Fix Marey 's pince myographiqiie (fig. 151) so as to compress the 

adductor muscles between the thumb and the 
metacarj)al bone of the index-finger, keeping the 
two arms together with an elastic band. Or use 
a pair of toy bellows, to the arms of which plate- 
like electrodes are fitted and connected with bind- 
ing screws. Keep the handles of the bellows 
pressed upon the adductor muscles by means of 
an elastic band. Connect the receiving tambour 
of the pince or the nozzle of the bellows with 
the recording tambour, introducing a valve or 
T-tube with a screw clamp into the connecting 
elastic tube, to regulate the pressure of air within 
the system of tubes. 

('•.) Arrange an induction machine with the 
trigger-key of the pendulum-myograph in the 
])rimary circuit, and the ]>ince or bellows in the 
secondary. Take a tracing. The time relations of the contraction are de- 
termined in the manner already stated (Lesson XXXV IL). 




Fig. 151.— Marey's Pince Myo- 
graphtque, as made by 
Verdin. 



c: 



4. Wild's Apparatus consists of a glass cylinder made by inverting the 
neck-end of a two-ounce phial. The neck is fitted with a cork, the upper end 
is 0]>en (fig. 152, B). A wire connected with a key (K') short-circuiting the 
secondary coil of an induction machine perforates tne cork. Arranged above 
is a light lever (L) i)rovided with an after-load (a/), and moving on an axis, the 
sliort arm projecting over the mouth of the jar. The whole arrangement is 
fixed to a platform (P), with an adjustable stand (S) bearing the fulcrum of the 
lever and the after-load. The cork must be renewed with each new drug used. 

(a.) Dissect out the gastrocnemius, divide the femur with the gastrocnemius 
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attached just above the attachment of the latter, and the tibia below the knee- 
joint. Pass a fine metallic hook through the knee-joint or its ligaments, and 
attach it to the projecting hook of fine wire fixed to the short arm of the lever. 
Fix the tendo Achillis to a hook connected with the wire passing through the 
cork in the neck of the glass cylinder. 




Fio. ZC2.— Wild's Apparatus for Studying the Action of Poisons on Muscle. D. Drum ; 
P. Platform ; S. Stand ; tU. After-load ; L. Lever ; B. Bottle with muscle ; K. Key. 

(6.) Fill the glass cylinder — which encloses the muscle — not quite full with 
normal saline. Stimulate the muscle directly with a break snock, using a 
mercury key in the primary circuit, and take a tjacing. 

(c, ) Remove the normal saline with a pipette, and replace it with a solution 
of the drug whose action vou wish to study, e.g.^ veratria 1 in 5CXX5, or barium 
chloride i in icxx). Study the veratria tracing (fig. 137). 

5. Interference-Phenomenon in Nerve-Mnscle Preparation. — Arrange a 
nerve-muscle i)reparation in a moist chamber, and weight the recording lever 
with 20 grams, rlace the central end of the nerve over platinum electrodes, 
and allow a portion of the nerve nearer the muscle to hang in the form of 
a loop in contact with strong glycerin, when the muscle becomes tetanic. 
When tetanus occurs throw in an interrupted current, when the tetanus is 
diminished. Is this interference-phenomenon an inhibitory one % (Kaiser, 
ZeUsch,,/. Biol.f 1891, p. 417.) 
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MYOGRAPHIC EXPERIMENTS ON MAN- 
BRQOGRAPH AND DYNAMOGRAPH. 



1. Myographic Experiments on iftan. 

Fick has devised a simple apparatus for this purpose, using 
isometric curves. The muscle investigated is the Abductor indicts 
or interosseus dorsalis primus of the hand. It arises by two heads 
from the adjacent surfaces of the metacarpal bones of the thumb and 
inder-finger, and is inserted into the dorsal aponeurosis of tla& \36^i«st. 
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Apparatus. — In a prismatic piece of wood, H, firmly fixed to a base, a hole 
is cut down to the level, K, through which one can conveniently place one's 
hand (fig. 153) ; the ulnar surface of the hand rests on the rouncled lower end 

of the hole, while the thumb rests 
against the lateral wall of the hole, 
so that in this way the hand is 
sufficiently fixed. Over the index- 
finger is placed a collar made of 
strong iron ^nre, and through this 
collar project the three other 
fingers, which hang fi*ee, the collar 
itself lyinff over the joint between 
the second and third phalanges. 
To the collar is attached a strip ot 
iron with a notch in it, by means of 
which it is attached to the axis of 
the lever, which is one so arranged 
as to give isometric contractions as 
in fig. 153. 

When one attempts to raise the 
index-finger, the muscle records an 
isometric curve. As the collar can 
at most move only i mm., and as 
the muscle itself acts on a lever 
Fio. 153.— FIck'8 Apparatus for Studying Ten- about five times shorter than the 

sion of Abductor Indicia. H. Wooden <liofanr»ft nf thn T»m*nt nf aftaphmflnt 
rod with hole, K, for hand^ D. Iron-wire distance ot tne point oi attacnment 

collar, acting through B on an axle, N, to 01 the collar trom the axis ot rota- 

which a lever is attoched. Seen from the tion of the index-finger, the muscle 

®**^' can at most contract \ mm. The 

muscle records on a revolvinff 

surface. (From the description of Schenk. See Fick, PflUger^s Archive Bd. 

41, p. 176.) 

With this apparatus one can study (i) The force of contraction ; (2) The 

effect of fatigue and recovery ; (3) One may excite the muscle by means of 

electricity ; (4) One may compare the mechanical resi)onse elicited by electrical 

(tetanic) and the normal physiological stimulus, and learn that during a 

voluntary contraction there is a greater contraction, i.«., a greater liberation 

of energy than during the strongest contraction elicited by electrical stimu- 

"ation. 
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2. Mosso's Ergograph for Fatigue and Work. — This is a most useful 
instrument (fig. 154), by means of which the student can study the process of 
fatigue on himself, the conditions that predispose to it, and the process ot 
recovery, as well as the effect of various conditions on the fatigue-curve. By 
means of this instrument also the amount of work done is recorded graphic- 
ally, and can be estimated in terms of kilogrammetres, the contractions in 
this case being isotonic. The forearm is fixed by means of clamps upon an 
iron framework, while the hand also is firmly fixed, the index and ring 
fingers being placed in brass hollow cylinders, while the middle finger is 6*06. 
The forearm is placed in a half-supinated position. To the middle finger is 
attached a cord, passing to the writing-style, and to the latter is attached a 
weight, which can be varied. The style writes upon a recording drum 
moving horizontally. The forearm is fixed in the apparatus, and the middle 
finger attached to the writing apparatus, and to the latter is added a load of 
known weight, e,g,f 2-3 kilos. The experimenter flexes the middle finger, 
lifts the load, and as soon as the conti'action is over the load extends the 
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finger. The axperiraenter contniotB. the muaclea, moving hia middia finger 
at a given rata, say ouoa every two seconds, either by listeniug to thfl beat of 
■ metronome, or obaorring the motion of a iiendulum vibrnting & definite 
number of times per miuut". (A. Moaso, " Fatigue of human niuacte," Dii 
Bois-JtrjfniOTid'i Archiv, 1890, and IHt Ermaduiig, Laipzig, iSga ; Warren 
P. Lombard, "Some of the influBnces whicli affoct the power of voluntary 
muscular coiitractioB," Jou™i( d/ /■%«(,%;,, »iii. 1,] 




^H^k^^H nteel spring with a long recording — . 

^^^H^^H being made on a very slow-moring drum, t.g., a cylinder plaoed 
^^"^■M vertically on the hour-spindle of an American clock. Tha 
dyiiamograjih is 30 arranged that it can be clamped to a table. The obaerrer, 
by grasping the handles of Ihe inatriiment. makea a series of maximal eObrts, 
aay joj^rminate, — i.e., each lasting two seconds, — then he takes one minute's 
rest, and rejieats the eiperiment. 

In this way one can measare the muscular strength and how it declines 
with each contraction or series of contractions, together with its recovery 
during rest. Wa have a series of isometric contmctiona. 



LESSON XLV. 



DIFFERENTIAL ASTATIC GALVANOMETER— NON- 
POLARI8ABLB ELECTRODES- SHUNT- DEMAR- 
CATION AND ACTION-CURRENTS IN MUSCLE. 

ELECTKO-MOTIVE PHENOMENA OF MUSCLE 

AND NERVE. ' 

I. Thomeon's High-BeBiBtance DifTerential Aatatlc Oalvano- -. 
meter, 

(u.) Plaue tUe galvanometer (fig. 155) u[iuii a, atiuid unaffected j 
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by vibrations, e.tf., on a slatti slab fixed into the wall, or on a solid 
stone pillar fixed in tlie earth, taking care that no iron is n 

(6.) Let tlie galvanometer face wew/, »>., with the plane of the 
coils in the inagnetic meridian, the magnetic meridian being asoep- 
tained by means of a magnetic needle. As the galvanometer is » 
ditfeteutial one, to cnnvi^rt it into a single one, connoct the two,' 




central binding screws on 
wire. 

(r.) By means of the three BcreTva level the galvanometer. 

(-'.) Take ofl' the glass cover and steadily raise the small a 

head on the top of the upper eoils, which frees the mirror, and- 
allows it to swing free. Eeplace the ({lass shade. 

(e.) Place the scale (fig. 156) also in the magnetic meridian and. 
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I metre from the mirror, taking care that it is at the proper height. 
Instead of a slit in the scale, it is better to fix m it a thin wire, and 
by means of a lens of short focal distance to bring the image of the 
wire to a focus in the middle of the illuminated disc of light 
reflected from the mirror upon the scale. 

(f.) Light the paraffin lamp, place the ^digQ of the flame towards 
the slit, darken the room, and see that the centre of the scale, its 
zero, the sUt in the scale, the flame of the lamp, and the centre of 
the mirror, are all in the same vertical plane, so that a good light 
is thrown on tlie mirror in order to obtain a good image on the 
scale. 

{g.) Make the needle all but astatic by means of the magnet 
attached to the bar above the instrument. The needle is most 
sensitive when it swings slowly, 

(h.) Test the sensitiveness of the galvanometer by applying the 
tips of two moist fingers to the two outer binding screws of the 
instrument, when at once the beam of light passes off the scale. 

2. Non-Polarisable Electrodes.— One may use the old form 
of Du Bois-Reymond, the simple tube electrodes, or the "brush 
electrodes " of V. Fleischl (fig. 160). 

(A.) (a.) Use glass tubes about 3 cm. long and 5 mm. in diameter, 
tapering somewhat near one end, and see that they are perfectly 
clean. 

(h.) Plug the tapered end of the glass tube with a plug of china 
clay, made by mixing kaolin into a paste with normal saline. 
Push the clay into the lower third or thereby of the tube ; plug 
the latter, using a fresh-cut piece of wood or thin glass rod to do 
so ; allow part of the clay to project beyond the tapered end of the 
tube (fig. 157, t, t). 

(c.) With a clean pipette half fill the remainder of the tube with 
a saturated neutral solution of zinc sulphate. Make two such 
electrodes. 

(d,) Into each tube, introduce a well-amalgamated piece of zinc 
wire with a thin copper wire soldered to its upper end (Z, Z), fix 
the electrodes in suitable holders in a moist chamber, and attach 
the wires of the zincs to the binding screws on the stage of the 
moist chamber. The zinc should not touch the clay. 

(B.) Some prefer a (J-sl^^P^^i glass tube held in a suitable 
holder attached to a vulcanite rod in the moist chamber 
(B. Sanderson's pattern). The tube contains a saturated solution of 
zinc sulphate as before. Into one limb of the tube is placed the 
rod of amalgamated zinc. In the other free limb is placed a 
straight tube with a slight flange at its upper end filled with kaolin 
moistened with normal saline, the kaolin projecting as a cap above 
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The muscle is placed on the 



the level of the IJ-sliaped tube, 
two corresponding kaoUn caps. 

3. Shunt. — Tliis is an arrangement by which a greater or 
proportion of a current cati be sent through the galvanometer _ 
158). The brasa bars on the upper surface 
are marked with the numbera J, ^, jfj, 
iuiUcating tLe ratio between their resistance 
and that of the galvanojactor, so that when 
the plug is inserted in the several positions, 
iV' riin "' ToW "^ '■^^ whole current maybe 
sent through the galvanometer. 




1 



4. MuBcle Demarcation-Current {Cnrrent . 
of Injury). 

(a.) Arrange the apparatus according to tiie 
scheme (Hg. 159). 

{Ii.) Place a ahunt between the N.P. elec- 
trodes and the galvanometer. Connect two 
wires from the electrodes to the binding 
screws (A, B) of the shunt, and from the same binding screws 
attach two wires to the galvanometer. Insert a plug (C) between 




A and B, thus ahort-cireuiting the muscle- current. When work- 
ing with muacle, keep a ping in the hole opposite ^ on the 
shunt. Arrange the lamp and scale so as to have a good image oi 
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the mirror on the zero of the scale ; adjusting, if necessary, by 
means of the magnet moved by the milled head on the top of the 
glass shade (fig. 159, in). 

(c) Test the electrodes, either by bringing them together or by 
joining them with a piece of silk thread covered with china-clay 
paste. After removing all the plugs from the shunt, there ought to 
be no deflection of the spot of Ught. If there is none, there is no 
polarity, and the electrodes are perfect. 

(d.) Ascertain the Direction of Current in Galvanometer.— 
Make a small Smee's battery with a two-ounce bottle. Place in the 
bottle dilute sulphuric acid (i : 20) and two wires of zinc ( - ) and 
copper ( + ), with wires soldered to them. Connect them with 
the galvanometer. Arrange the shunt so that ^^ or ^J - qq part 
of the current thus generated goes through the galvanometer. 
Note the deflection and its direction. Arrange the N.P. electrodes 
in the same way, and observe which is the negative and which 
the positive pole corresponding to the zinc and copper of the 
battery. 

(e.) Prepare a Muscle. — Dissect out either the sartorius or 
semi-membranosus of a frog, which consist of parallel fibres, but 
avoid touching the muscle with the acid skin of the frog. Lay 
the muscle on a glass plate or block of parafiin under the moist 
chamber. 

(/,) Keep one plug in the shunt at C, to short-circuit the elec- 
trodes, and the other plug at ^, Cut a fresh transverse section at 
one end of the muscle, and adjust the point of one electrode exactly 
over the centre (equator) of the longitudinal surface of the muscle. 
Apply the other electrode exactly to the centre of the freshly 
divided transverse surface (fig. 159). 

(g.) Current of Injury. — Remove the short-circuiting plug, C, 
from the shunt, keep one plug in at ^, so that -^ of the total 
current from the muscle goes through the galvanometer. Note the 
direction and extent of the deflection. By noting the direction, and 
from the observation already made (d), one knows that the longi- 
tudinal surface of the muscle is + , and the transverse section -- . 
Replace the plug-key (C), and allow the needle to come to rest at 
zero. The deflection was caused by the current of injury, and it 
flows from the equator or middle of the muscle towards the cut 
ends. It is also called the demarcation-current. The injured part 
of a muscle is negative to the uninjured part, and the current in the 
galvanometer is from the longitudinal ( -|- ) surface to the injured 
negative transverse surface. 

(h.) Bring the N.P. electrode on the longitudinal surface nearer 
to the end of the muscle, and note the diminution of the deflection 
of the needle. Replace plug C. 
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(/.) Vary the position of the 
electrodes and note the varifttion 
in the deflection. If they be equi- 
distant from tlie equator, tliere 
is no deflection. The greatest 
deflection takes place wlien one 
electrode is over the equator and 
the other over the centre of the 
transverse section of a muscle 
composed of parallel fibres. The 
deflection, i.e., the electro-motive 
force, diminishes as the electrodes 
are moved from the equator or the 
centre of the transverse section. 
In certain positions no deflection 
is obtained. 

5. Negative Variation of the 
Muscle -Current. 

(a.) Use the same 
miisclp preparation, 
or isolate the gas- 
trocnemius with 
the sciatic nerve 
attached. Divide 
the muacle trans- 
versely, and lay the 
artificial transverse 
section on one elec- 
trode, and the longi- 
tudinal surface on 
I the other. Ob- 
! serve the extent of 
the deflection. 
(b.) Adjust an induction coil 
for repeated shocks, placing it at 
some distance from the galvano- 

{•:) Take the demarcation- 
current, observing the deflection, 
and allow the spot of light to 
take up its new position on 
the scale. Tetanise the muscle 
throt^h ite nerve, and observe 
that the spot of light travels 



i. rieUcbl. 
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towards zero. This is the "negative variation of the muscle- 
current." If the gastrocnemius be used, stimulate the sciatic nerve. 
Care must be taken that the muscle does not shift its position on the 
electrodes. According to Hennann's theory, it is brought about as 
follows : — An injured part of a muscle (or nerve) is negative to an 
uninjured part — 'negativity of injury," and similarly an active 
part of a muscle is negative to an inactive part — "negativity of 
activity." The demarcation-current or injury-current passing in 
the galvanometer from the longitudinal 4- to the transverse - surface 
is diminished, because, when the muscle contracts, there is a ciu*rent 
set up— -action-current — in the opposite direction, which diminishes 
the total current acting on the galvanometer. 



ADDITIONAL EXERCISES. 

6. Brush Electrodes of V. Fleischl (fig. 160) consist of glass tubes 5 mm. 
in diameter and 4 cm. long. Into one end is fitted a perfectly clean camePs- 
hair pencil, and into the other dips a well-amalgamated rod of zinc with a 
binding screw at its free end. Place some clay in the lower part of the tube, 
and then fill it with a saturated solution of zinc sulphate. A piece of india- 
rubber tubing fits as a cap over the upper end of the glass tube. The brushes 
are moistened with a mixture of kaolin and normal saline. 

7. D'Arsonval's NonPolarisable Electrodes (fig. 161). — The electrodes 
consist of a silver wire coated with fused silver chloride. The silver wire is 
held in a suitable stand, while the silver chloride coated part is placed in a 
tube tapering to a point below and filled with normal saline. At the lower 
tapered end there is a small aperture into which is introduced a thick thread. 
The tube is closed above with a cork (C), through which passes the silvei 
electrode (A). The tapered points are brought into contact with the tissues. 
They should be kept in the dark. 

Vertical Electrodes of Pick. — Into a vertical glass tube the amalgamated 
zinc is introduced from below, the tube is filled with a saturated solution of 
ZnS04, l^^t the nerve rests on a hammer- shaped piece of baken porcelain, 
such as is used for porous cells for batteries. It is soaked with salt solution, 
and has a process which dips into the zinc sulphate. Several of these can be 
arranged side by side in a suitable holder. 
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NERVE - CURRENTS — ELECTRO - MOTIVE PHENO- 
MENA OF THE HEART— CAPILLARY ELECTRO- 
METER. 

1. Demarcation-Current of Nerve. 

(a. ) Render the galvanometer as sensitive as possible by adjusting at a suit- 
able height the north pole of the magnet over the north pole of the upper 
needle. 



f 
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Make a trauaverse cut across the triceps, and so arrange the 
nerve that ite cut end rests ob tlie tracBVCDte section of the 
muscle, and its Joiigitudinal surface on tbe longitudinal surface of 
the muscle. As soon as this interval Ls bridged over, the leg mueclee 
contract. 

There is a large difference in potential between the traiiaversely 
cut muscle and its longitudinal surface— there is a " muscle-current " 
in the muscle from the artificiHl transverse section to the longitudinal I 
surface, so wlipn the nerve bridges over these surfaces, there is a 
external derivation-current passing in the nerve, whereby the latt^ J 
is stimulated. J 

Thus the "physiological "heoscope" is used to show thai 
presence of electrical currents in muscle under certain conditions. 

3. Secondary Contraction or Twitch and Secondary Tetanns. 

(a.) Arrange an induction coil for single make and break shocka. 
Make two nerve-muscle preparations. 

(i.) Place the left sciatic nerve (A) over the right gaatrocnemiua 
(B) or tldgh muscles, and the right sciatic nerve over the electrodes 
(K) (fig. ,64). 

(■'.) Stimulate tlie nerve of B with single induction shocka — the 
muscle* of both B and A contract. The contraction in A is called 
a secondary contraction. A is the 
rheoscopic limb as by its contraction it 
shows tlie existence of an electrical 
current in B. "When B contracts, 
there is a sudden diminution of ite 
muBcle-curtent, wlueb circulates in the 
nerve of A. Tliis sudden diminution ! 
■ — negative variation — is tantamount 
to a stimulus, and so the nerve of A 
is stimulated. 

((/.) Arrange the induction coil for I 
repeated shocks, and stimulate the ' 
nerve of B. B is tetanised, and so in , 
A simultaneously. This is Becondaiy 1 
(■to. .Sf-BecoDiiuT CoutraotiDii. tetanufl. The nervc of A is stimulated 
by the sudden series of negative varia- ^ 
tjons of the muscle- current during the contraction of B. So that j 
the electrical cliange during tetanus is interrupted and not con- 
tinuous like the change in form of the muscle, and with 50 shocka 
per second each electrical chain' must reach its maximum and 
subside in ^". 

('■.) Ligature the nerve of A near the muscle, stimulate the nerre 
of B ; Uiere is no contraction of A although B contracts. 
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(/. ) Prepare another limb and adjust it in place of A, ligature the nerve of 
B. On stimulating the nerve of B, no contraction takes place either in A or 
B. 

4. Secondary Contraction from Nerve. 

(a.) Make a nerve-muscle preparation and place it on a glass 
plate (B). Dissect out the sciatic nerve of the opposite side (A). 
Lay I cm. of the isolated sciatic nerve (A) on a similar length of 
the nerve of the nerve-muscle preparation (B) (fig. 165). 

(A.) Stimulate A with a single induction shock ; the muscle of 
B contracts. Stimulate A with an interrupted current ; the muscle 
of B is thrown into tetanus. 

('*.) Ligature A and stimulate again. B does not contract. 
Therefore its contraction was not due to an escape of the stimulating 
current. The " secondary contractions " in B are due to the sudden 
variations of the electro-motivity produced in A when it is stimu- 
lated. 





Fio. 165.— Scheme of Secondary 
Contraction. 



WK. x66.— Scheme of Paradoxical 
Contraction. 



5. Paradoxical Contraction. 

{'/,) Arrangement. — Arrange a DanielFs cell and key for giving 
a galvanic current, or use repeated induction shocks. 

(//.) Pith a frog, expose the sciatic nerve down to the knee (fig. 
166, S). Trace the two branches into which it divides. Divide 
the outer or peroneal branch as near as possible to the knee, and 
stimulate its central end (P) by a faradic ciurrent. A certain 
strength of current will be found whereby the muscles supplied by 
the other division of the nerve are thrown into tetanus (T). The 
tibial nerve to the gastrocnemius is stimulated by escape or spread 
of " electrotonic " currents from the excited nerve. 
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(c) Instead of induction shocks, use a shock from a Daniell's 
cell. There is a paradoxical twitch. 

Xo paradoxical response is produced by stimulation other than 
electrical stimuli, e,g,, section of a nerve, salt. It is still produced 
even if the peroneal nerve be ligatured on the central side of the 
seat of stimulation. 

6. Frog's Heart-Current (Secondary contraction). 

(a.) Injured Heart. — ^A quiescent uninjured heart gives no 
current, but an active heart does, and so does an injured one. The 
action-current of an injured heart is easily shown when a nerve of 
a nerve-muscle preparation is placed on a beating rabbit's heart 
inside the thorax. In the frog, it requires some care to show tliis. 
It is easy, however, to obtain a secondary contraction from a 
beating injured frog's heart. 

Prepare a nerve-muscle preparation or rheoscopic limb. Excise 
the heart of a pithed frog, and place it on a dry glass plate, removing 
the surplus blood. Cut off the apex of heart, and to it apply the 
transverse section of the divided sciatic nerve, letting a part of 
the longitudinal surface of the nerve rest on the uninjured ventricle. 
With each beat of the heart there is a twitch of the rheoscopic 
Hmb or muscle. 

(6.) Action-Current of Uninjured Frog's Heart. — On placing the 
nerve of a nerve-muscle preparation along the exposed frog's heart 
from apex to base, one sometimes gets a muscular response to each 
beat of the heart, but the experiment does not always succeed. 
It is easier to do it on a Stanniused heart ; with each Contraction 
of the heart excited artificially, there is a secondary contraction. 



ADDITIONAL EXERCISES. 

7. Eilbne's Nerve-Current Experiment. 

(a.) Invert an earthenware bowl (B), and with wax fix to its base a piece of 
glass lo cm. square (fig. 167, G). 

(6.) Make two rolls of kaolin (moistened with normal saline), about i cm. 
in diameter and 6 cm. in length (P, P'), bend them at a right angle, and 
hang them over the glass plate about 6 mm. apart. 

(c.) Make a nerve-muscle preparation, lay the muscle on the glass plate, 
and the nerve (N) over the rolls of china clay. 

(d,) Fill a small glass vessel (0) with normal saline, and allow the two 
free ends of the.clay to dip into it. With each dip the muscle contracts. ly 
this case the nerve is stimulated by the completion of the circuit of its own 
demarcation-cuiTent, and this in tuiTi indirectly stimulates the muscle. 

8. KUhne's Muscle-Press — Secondary Contraction from Muscle to Muscle. 
— Prej>are two sartorius musdes of a frog. Place the end ot one muscle 
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over the end of the other, both muscles being in line with each other, and 
the oyerlai)])ing portion so arranged that they can be pressed together by 
means of the small screw- press devised by Klihne for this purpose. 

On stimulating — by electrical, chemical, or other stimuli — the free end of 
either muscle, so as to 
cause that muscle to con- 
tract, the second muscle 
also contracts. The nega- 
tive variation of the 
muscle-current stimulates 
the second muscle. This ^J?^"""- .-u^^^^^^^'^^ 

result does not take place 
if a thin layer of tinfoil 
be placed between the two 
muscles. 




Fio. 167.— Euhne'8 Experiment. B. Bowl ; O. Glass plate 
Jx. NeiTe on P, P', Pads of clay ; C, Capsule. 



9. Biedermann'8 Modi- 
jQcation of Secondary 
Muscular Contraction. — 

If a frog be denuded of its 
skin and left exposed to 
the air for twenty-four 

hours — the time varying with the temperature, amount of moisture in the air, 
&c. — on causing one muscle to contract, other muscles contract secondarily. 
On placing the two sartorius muscles in direct contact with each other, when 
one muscle is made to contract, the other does so secondarily without the use 
of a muscle-press. 



c; 



LESSOR XLVIII. 



BLBCTROTONUS— BLBOTROTONIC VARIATION 

OP THB BXCITABILITY. 

Electrotonus. — When a nerve is traversed by a constant 
current, its so-called " vital " properties are altered, z.e., its excita- 
bility, conductivity, and electro-motivity. The region of the 
nerve affected by the positive pole is said to be in the anelectro- 
tonic, and that by the negative in the kathelectrotoixic condition. 
Therefore we have to study the — 

I. Electro-motive alteration of the excitability and conductimfy. 

II. Electro-motive alteration of the eleciro-motivity, 

1. Electrotonic Variation of the Excitability. 

A (rt.) Connect two small Grove's cells or two Daniell's to a 
Pohrs commutator mfh cross-bars (fig. 168), introducing a Du Bois 
key to short-circuit the battery. From two of the binding screws 
connect wires with two N.P. electrodes or the platinum electrodes 
of Du Bois, introducing a short-circuiting key in the electrode 
circuit (fig. 168). 
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(//.) Make a uerve-muscle preparation, attach a straw flag to the 
foot, and fix the femur in a clamp, as in fig. i68. Lay the nerve 
over the electrodes. Trace the direction of the current, and make 
a mark to guide you as to when the current in the nerve is 
descending or ascending, t>., whether the negative or positive pole 
is next the muscle. 

(c.) Place a drop of a saturated solution of common salt on the 
nerve between the electrodes and the muscle. In a minute or less 




FlO. i68. — Scheme of Electrotonic Variation of Excitability. D. Drop of strong solatioa 

of salt on the nerve, N ; F. Flag on the muscle. 

the toes begin to twitch, and by-and-by the muscles of the leg 
become tetanic, so that the flag is raised and kept in the horizontal 
position. 

('/.) Turn the commutator, so that the positive pole is next the 
muscle ; the straw sinks, i.e., the excitability of the nerve in the 
region of the positive pole is so diminished as to "block" the 
impulse passing to the muscle, showing that the positive pole 
lowi^rs the excitability. 




FlO. 169.— Sclienie of Electrotonic Variation of Excitability. P, /*. Polarising, 

and Ef E. Stituuiation curreut. 

(f\) Reverse tlie commutator, so that the negative pole is next 
the muscle. The limb becomes tetanic, the negative pole 
(hithelectrotonic area) increases the excitability. 

2. Another Method. —Apparatus. —Three Daniell's cells, two pairs of N.P. 
electrodes, two Du Bois keys, a spring-key, commutator with cross-bars, 
induction coil, wires, moist chamber, drum. 

B. (a.) Arrange the aj)paratus according to the scheme (fig. 169). Prepare 
two ])airs ol N. P. electrodes lor the nerve. 
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(A.) Couiiect two DBmall'B cells with a Pohl's oomraotator wiW. 
(C) ; connect the commutator- a short-cirouiting key inter 
pair of the N.F. elaclriKies. Thia ia the "polarieiiig onrrent 

(c.) Arrange an induction cuil lor tetaniaing shocks; use 
and short-circuit the Becondarv cii'Citit. This is the "exci 
(E, E). 

iii.) Make a nerve-nmBola prei«i 

d arrange it to write on a dru 



<n vith the nerve as 
Place the nerve on 
'polarising" pair b( ^ 
itimetre aiiait. Between the poll 
iting " pair of electrodes to the 




eiectrodea id the moist chamhei 
end oithenerretP, P), and about 
j«ir and the muscle apiily the " 
(E, E). 

(f.) With the polarising current nliort-circaited, pull away the secondarj 
from the primary coil, and find the minimmn distance at which a feeble con- 
traction of the muBcle ia obtained. Push the secondary coil up until a weak 
contraction is obtained, and take a tracing. Previously arrange the com- 
mutator to send a dcKeiufing current through the nerve. While the muscle 
U contracting feebly, throw in the descending giolarising current ; at once the 
oontraction becomes much stranger, Reverse tiie commutator to send an 
ascmding polarising current throngh the nerve. ai)d the contraction will 




, , 1 experiment, using Neefs hammer, selecting a strength of 

stimulns JUstiUBaffieienttogivatetanLc response whan tba > pole of the (mlar- 
ising current is next the muscle. Reverse the comTnntstor, aiid at once the 
previously inadequate shocks become adequate and Cettinus results as shown 
in fig. 170, where the effect of + and - poles are shown Rlternately. 

In tlio lirgt case, the area influenced by the exciting electrodoa was affected 
hy tho negative pole, i.e., was in the condition of katheleotroConua, and the 
tetanus was increased ; therefore, the tatkikeirolimic rnKtHtioi intrtniei the 
excitaiitity of a nerce. In the second, the nerve next the exciting electrodes 
was in the condition of anelectrotonue, and the oontroctions ceased ; therefore, 
l/ie anslcclroti-iiU: i:oiuiiiiiin lityiiiitiakes the esxitability of a iitrae (fig. 171]. 

3. Bheochord -me salt as atimnlns. — The experiment may also he done by 
using a rhEochord to graduate the polarising current, salt again being used as 
the Btimulu». 

(k.) Arrange two N.P. electrodes in a moist cliamter, provided with a 
recording lever, placing the N.P.'s about I cm. ajiart. 

{b.) Connect the terminals of two Daniell'a cells (arranged in circuit) to the 
central screws of a Pohl's cumniutator (n-itli cross-barH) as in tig. 1 72, placing 
a mercury key in the oirouit. Couneot tho wiles, x, y, ' '' ■ i^--'- - 



[f blooka 
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the rheochord shown in fig. 92. By reversing the commutator the current 
through the rheochoi*d can be reversed. Then connect one N.P. electrode with 
one terminal of the rheochord, while the other N.P. is connected with the 
movable block or slider (S) of the rheochord. 

(e.) Notice which pole is next the muscle according to the position of the 
oommutator and mate a mark to guide you. Make a long nei-ve-muscle and 
arrange it over the electrodes, attaching the muscle to a i^ecording lever 
(crank). 




FiQ. 17X.— Scheme of Electrotonic Variation of Excitability in a Nerve. K. Eat'iode ; 
A. Anode ; if, n. Nerve. The curve above the line indicates increase, and that below 
the line decrease of excitability. 

(d,) Begin with the slider (S) close up to the zero terminal, and gradually 
slide it along until, on closing the batteiy circuit, the muscle responds at make 
whether the + or - pole is next the muscle, i.e., whether the current is 
ascending or descending. 

{e. ) Oi)en the circuit, place on the nerve near 'the muscle either a drop 
of saturated solution of common salt or fine moist crystals of salt. Wait till 
the salt produces occasional short spasmodic movements of the limb. Close 
the key, place the - pole next the muscle, at once the limb becomes tetanic 
owing to the increase of excitability under the influence of the - pole {kath- 
electrotoniis). Open the current, the limb becomes quiescent. 

(/■.) Oj)en the key, and 
after a short time, when 
the spasms reappear, 
reverse the commutator 
so that the + pole is next 
the muscle. Close the 
current, the limb becomes 
quiescent, due to the fall 
of excitability under the 
influence of the + pole 
{aiieledrotonus). Break 

». « V,. y^ X 1. 1^1. ,, j» the current, the muscle 

Flo. xja.— PoMs Commntator with cross-bars, arranged k«««tv.oq f*i+o«;/. T«k«o i¥ 
/ for reversing the direction of a current becomes tetanic. Thus it 

IS shown that the appear- 
ance of kathelectrotonus and the disappearance of anelectrotonus are accom- 
panied by increase of excitability, while the disappearance of kathelectrotonus 
and the appearance of anelectrotonus are accompanied by diminution of 
excitability. 
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1. CondacUvit; ii impaired In Uie Intra-FoUr Begion.— Arrang« th« 
experiment as in S, bat iilace the salt on the nerre aa far ss pnssibla rram the - 
muscle. When the salt causes tetanic spasms, closs the current through the 
electrodes, aud whether this current be ascending or descending, the afiasnu 
cease, tiecauae the excitatory change is " blocked " ta tike iutra-polar area. 



LESSON XLIX. 

PFLTJGER'S law op CONTEAOTION— ELECTRO- 
TONIC VARIATION OP THE BLBCTRO- 
MOTIVITT— RITTER'S TETANUS. 

1. Pfliiger's Law of Contraction. — Apparatns. — Several 
Daniell or small Grove cells, commutator with croes-bars, Dn 
Boia and Hg-key, rheochord, N.P. electrodes, moist chamber, wires, 
recording apparatus. 

(a.) Arrange tbeapparatus as in the Bchenie(fig. 173). Connect 
two Daniell or email Grove cells to a Pohl's commutator with cross- 




bar?, and introduce a mercury key (K) into the circuit; connect' 
the commutator with the rheochord (R). Connect the rheochbwi 
witli N.P. electrodes, introducing a short-circuiting key. Fix to a 
recording lever a nerve-muscle preparation — ^with a lonf^ nerve — in 
tlie moist chamber, and lay the nerve over the electrodes. 

(b.) Begin vfith all the plugs in position in the rheochord and 
llie slider hard up to the brass blocks. Place the commutator to 
give an ascending current, make and break the current — gradually 
adjusting the slider — until a contraction occurs ut make and none 
at break. Reverse the commutator to get a descending current, 
make and break, observing again a contraction at make and none at 
break. This represeute the effect of a iceuA current. Sometimes 
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the current so obtained is not weak enough. The simple rheochord 
should then be used (p. 163). 

(c.) Pull the slider farther away and remove one or more plugs 
until contraction is obtained at make and break, both with an 
ascending and descending curi-ent. This represents the effect of a 
medium current. 

{d,) Use six small Grove's cells, take out all the plugs from tlie 
rheochord, and with the current ascendin.2, contraction occurs at 
break only ; while with a descending current, contraction occurs 
only at make. This represents the effect of a strong current. 
Tabulate the results in each case. 



For this experiment very fresh and strong frogs are necessary, and several 
preparations may be required to work out all the details of the law. Instead 
of reversing the commutator after testing the effect of an alteration of the 
direction of the current, the student may use one preparation to test at 
intervals the effect of weak, medium, and strong currents when the current 
is ascending, and a second pre})aration to test the results with currents of 
varying intensity when the current is descending. The results may be 
tabulated as follows : R = rest ; C = contraction : — 



Strkngth of Current. 


ASOBMDINO. 


Dbscekdiko. 


On Making. 


On Breaking. 


On Making. 


On Breaking. 


Wei*, . 

MecKum, • • 
Strong, . 




R 


R 

C 


C 
C 

C 


R 
C 
R 



2. Electrotonic Variation of the Electro-motivity. 

(rt.) Arrange a long nerve on N.P. oV.ctrod6s, as for determining its demar- 
cation-current. Place the free end ot the nerve on a pair of N. P. electrodes 
— the polarising current —arranged as in Lesson XLVIII., so that the current 
can be made ascending or descending. 

(6.) Take the deflection of the galvanometer needle or demarcation -current 
when the jwlarising current is shut off. Throw in a descending polarising 
cuiTent. and observe that the spot of light travels towards zero. Reverse the 
commutator and throw in an ascending current, tlie spot of light shows a 
greater jwsitive variation than before. From this we conclude that kalhe- 
IcctroUtnus diminishes the. electro-motivity. y:hile avelecfrotonus increases it. 
In the extra-])olar kathodic region an electrotonic current a))i>ears when the 
polarising current is closed. It has the same direction as the polarising 
current. In the anodic region the direction is also that of the |K)Iarising 
cuiTent ; but the electrotonic current is stronger than the kathodic current. 
If a demarcation-current exists already, the electrotonic currents are super- 
posed on it. 
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3. Bitter's Tetanus. 

(a.) Connect three Daniell's cells with N.P. electrodes, short-circuiting 
with a Du Bois key. Make a nerve- muscle pre|)aration, and apply the 
electrodes to the nerve so that the + |>ole is next the muscle, i.e., the current 
is ascending in the nerve. Allow the current to circulate in the nerve for 
some time (usually about five minutes is sufficient), no contraction takes 
place. Short-circuit, and the muscle becomes tetanic. 

(6.) Divide the nerve between the electrodes, and the tetanus does not 
cease ; but on dividing it between the + pole and the muscle, the tetanus 
ceases. Therefore the tetanus is due to some condition at the positive pole, 
i.e. J the stimulation proceeds from the iK)sitive pole at break. 

4. Kathodic Stimulus is the more powerfuL 

(a. ) Let the M. and B. shocks be made approximately equal by the arrange- 
ment shown in fig. 174. In the secondary circuit place a Pohl s commutator 




Fio. X74. — Scheme to show that Cathodic Stimulation is the more powerful. E. Key ; 

It. Commutator ; F. Frog's leg ; e. One electrode. 

with cross-bars (R). Place one electrode (c) under the sciatic nerve, and the 
Oyher on another part of the body. 

(fe. ) Suppose c to be the catliode, select a strength of shock, i,e.y distance 
of secondary from primary coil, so that there is response on breaking the 
pvimaiy current. Reverse the commutator so that c becomes the anode. 
There is no muscular response at break, but it occurs at make, as <; is then 
the cathode. 



6. Rheochord of Du Bois-Revmond is used to vary the amount of a 
constant imrrent ap))licd to a muscle or nerve (fig. 175). It consists of a long 
box, with German-silver wire— of varying length, and whose resistance is 
accurately graduated — stretched upon it. At one end are a series of brass 
blocks disconnected with each other above, but connected below by a German- 
silver wire passing round a pin. Thes*> blocks, however, may be connected 
directly by brass plugs, S, Sg . . . S5. From the blocks i and 2 two platinum 
wires pass from A to the opposite end of the box (Y), where they are insu 
lated. Between the wires is a ** slider" (L), consisting of two brass cups 
containing mercury, which slide along the wires. 
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a DanieU't cell to the binding Kreve at 
uttacb the wires of the electrodes over 
which the nsrre (c d) of the muscle 
<F) ia laid. We have two cireaita 
{a e d b and a A. B b); the wirea of 
the Theochonl are iDtroduoed iut« the 
lattar. 

Puah up the alider with ita onpa (L) 
UDtil it toucbea the two braaa platea 
I and 2, and inaert all the pinga 
(Si-3,] in their places, thus making 
the several blocks of brass practically 
one block. In thia position, the xero 
of the instmment, the resistancs offered 
by the rlieochord circuit is so small at 
ooni|>ared with that including the nerve, 
that practically all ths electricity paasea 
through the former and none through 
the latter. 

Move the slider away fhnn A, when 
a resistance ia thrown into the rheo- 
chord circuit, according to the length 
of the platinum wires thus introduced 
iuto it, and so a certain fraction of the 
onrrent is sent throUjKh the electrode 
oircuit. If the plug S, be taken out, 
more resistance is introduced, that due 
to the German silver wiie (I b), and, 
therefbre, a certain amount of the 
current is made to pass through the 
electrode circuit. By taking out plug 
after plug more and more resistance is 
thrown into the rheochord circuit. The 
pluKS are numbered, and the diameter 
ana length of the Gentian -silver wires 
miB-nc,u,ui.u. *™ *° Bflected in making the instru- 

ment, that the reaistancea represenlad 
by the several jJugs when removed are all multi[iles of the resislanco 
in the iilaCinum wires on which t)io slider moves. Proceed taking out plug 
after plug, and note the result. The roaiUt, and explanation thereof, are 
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a Lesson XLIX. 1 



VELOCITY OF NBEVE-IMPULSB IN PEOQ, MAN- 
DOUBLE CONDUCTION IN NERVE— KUHNE*S 
GRACILIS EXPERIMENT, &o. 



i^V 



"i. Velodty of Herre-Enei^ in a Frog's Motor Nerve. 

The rate of propagation of a nerve-impulae or excitatory cliange 
may be eetimated by either tlin [leudulum or spring-myograph. 




L.] VELoonr OP serve-impulse. 

With slight modifications the two processps are identicftl, only 
iising the spring-mjograph it is necessary to use such a coiled spri 
ua wiU caiise the glass plate to move with siiiiicient rapidity to give 
an interval long euotigh for the astimatiou of the latent period. It 
may l>e done also on a revolving dram provided the drum moves 
with Bufficient rapidity. 

(a.) L'se the Bpring-myograph and arrange the experiment 
accorjinf! to the scheme (fig. 176), i.e., an induction coil for eingle 
shocks with the trigger-key of tlie myograph {i, 3) in the primary 
circuit ; in the secondary circuit (which should be sliort-circuited, 
not represented in the diagram) place a Pohl's commutator without 
croig-harg (C). Two pairs of wires from the commutator pass to 
two pairs of electrodes {a, b), arranged on a bar in the mcnat 
iihamber, Measuie tbo distance between the electrodes. 



k 




{h.) Make a nerve-muscle preparation with a long nerve (N), 
clamp the femur (f), attach tlie tendon (vt) to a writing-lever, and 
lay the nerve over the electrodes, the distance between them being 
known. It is well to enol the nerve by iced normal saline, as the 
velocity of the impulse is thereby much diminished. 

(e.) Arrange the glass plate covered with smoked paper, adjust 
the lever to mark on the glass, close the trigger-key in the primary 
circuit, and unshort-circuit the secondary. Turn the bridge of the 
commutator so that the stimiilus will be sent through the electrodes 
next the muscle (a). Fress the thumb plate, the glass plate ahoots 
across. The tooth (3) breaks the primary circuit, and a curve ia 
inscribed, on the plate. 

(d.) ^hort-circuit again, replace the glass plate, close the trigger-,,, 
key, reverse the commntator. This time the stimulue will pasB 
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through the electrodes away from the muscle {h), Unshort-circuit 
the secondary circuit, and shoot the glass plate, when another 
curve will be inscribed, this time a little later than the first one. 

(e.) Replace the glass plate, close the trigger-key, short-circuit 
the secondary circuit, and shoot the plate. This makes the abscissa. 

(/.) Replace the glass plate, close the trigger-key, and bring the 
tooth of the glass plate (3) just to touch the trigger-key ; raise the 
writing-lever to make a vertical mark. This indicates the moment 
'when the stimulus was thrown into both points of the nerve. 

(f/.) Remove the moist chamber, push up the glass plate, close 
the tngger-key, and arrange a tuning-fork vibrating 250 D.V. per 
second to writo under the abscissa. Shoot the plate again and the 
time-curve will be obtauied. Fix the tracing, draw ordinates from 
the beginuiiig of the curves obtained by the stimulation of a and b 
respectively, measure the time between them from the time-curve 
(this gives the time the impulse took to travel from b to a), and 
calculate the velocity from the data obtained. 

Example. — Suppose the length of nerve to be 4 cm., and the time 
required for the impulse to travel from & to a to be yy^ sec. Then 
we have 4 : 100 : 7^77" : ^", or 30 metres (about 98 feet) per 
second, as the velocity of nerve-energy along a nerve. 

2. Repeat the observation with the pendulum-myograph. 
Practically the same arrangements are necessary. 

If it be desired to test the effect of heat or cold on the rapidity 
of propagation, the nerve must be laid on ebonite electrodes, made 
in the form of a chamber, and covered with a lacquered copper 
plate on which the nerve rests. Through the chamber water at 
different temperatures can be passed, and the effect on the rate of 
propagation observed. 

\ 3. Velocity of Motor Nerve-Impulse in Man. 

(a.) Use a pendulum-myograph. Connect two DanielFs cells 
with the primary circuit of an induction coil and interpose in the 
circuit the triggor-key of the myograph, which the pendulum opens 
in swinging past. Place a short-circuiting key in the secondary 
circuit, and to the short-circuiting key attach a pair of rheophores 
moistened with strong solution of salt. 

(b.) Arrange Marey*s ^^jnit^e myorpaphiqne " (fig. 1 5 1 ) to compress 
the adductor muscles of the thumb when the latter is in the 
abducted position. Connect the "pince" by means of an india- 
rubber tube with a Marey's tambour (fig. 150) arranged to record 
its movements on glazed paper fixed to the plate of the pendulum- 
myograplL 

(c.) The nerve supplying the adductor muscles of the thumb 
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must be stimulated first near the ball of the thumb, and secondly 
at the bend of the elbow. Contraction takes place sooner from tlie 
former tlian from the latter position. Suppose the right thumb to 
be used, apply one rheophore to the right side of the chest, and 
the other to just over the ball of the thumb. Allow tlie pendulum 
to swing. Take a tracing. Replace pendulum, short-circuit the 
secondary circuit, close the trigger-key. 

(d.) Open the secondary circuit. Apply the arm rheophore to 
the median nerve at the bend of the elbow and record another 
contraction. 

(e.) Record a base-line and mark the point of stimulation on the 
myograph plate. Make a time-tracing under the two muscle curves. 

(/".) Measure the distance between (i.) the two arm electrodes ; 
(ii.) the beginning of the two curves ; (iii.) note the time- value of 
(ii.) as indicated by the time curve ; and from these data calculate 
the time the nervous impulse took to travel from the elbow to 
the nerve supplying the muscles of the ball of the thumb. 



^ ADDITIONAL EXERCISES. 

4. Double Conduction in Nerve — Eiilme*8 Experiment on the Oradlis. — 

The gracilis is divided into a larger and smaller portion (L) by a tendinous 
inscription (K) running across it (fig. 177). The nerve (N) enters at the hilnm 
in the larger half, and bifurcates, giving a branch {k) to the smaller portion, 
and another to the larger portion of the muscle, but neither branch reaches 
quite to the end of either half of the muscle. 

(a.) Remove the gracilis (rectus internus major and minor) 
(Ecker). The method of removing semi-membranosus and gracilis 
together has already been described (Lesson 
XXIX. 5). Place a pithed and skinned frog on 
its back. In order to see the outline of the thigh 
muscles better, moisten them with blood. The 
sartorius by its inner margin lies in relation with 
the gracilis near its lower attachment, the gracilis 
itself lying on the ventral surface of the inner 
part of the thigh, having its origin at the sym- 
physis, and its insertion at the tibia. The small 
part — minor — is attached to the skin and is 
usually torn through when the skin is removed, fio. 177.— KUhne'a 
By its other margin it is in contact with the semi- the^Graciiig. ^° 
membranosus. The muscle is detached from below 
upwards. Its tendinous inscription or intersection is readily visible 
on a black surface. 
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(6.) Cut it as in fig. 177, avoiding injury to the nerves, so tliat only the 
nerve twig {k) connects the larger and smaller halves, and in one tongue (Z) 
terminates a nerve. After excision lay it on a glass plate with a blcu-k hack- 
ground, else one does not see clearly the inscription and the course of the 
nerves. 

(c.) Stimulate the tongue (Z) with fine electrodes about i mm. apart, and 
contraction occurs in both L and K. This, according to Kiihnej is due to 
centripetal conduction in a motor nerve. This experiment is adduced by him 
as the best proof of double conduction in nerve fibres. Mays has shown that 
the nerve fibre divides and supplies both halves of the muscle. 

((J,) If the muscle be exposed in a curarised frog, on stimulating 
either half of the muscle with repeated shocks, only that half 
responds, as the inscription blocks the passage of the muscle-wave. 

(e,) If an uncurarised muscle is used, stimulation of the muscle 
near its ends causes response only in its own half. Why 1 Because 
there are no nerves there; but stimulation near the inscription 
causes response in both halves. Why 1 Because they are excited 
through their nerves, as shown definitely by (t*.). 

5. Action of a Constant Current — In muscle and n£rve, stimulation occurs 
only at the kathode when the current is made {closed)^ and at the anode when it 
is broken {opened)— {V, Bezold), This is most readily seen in fatigued 
muscles. 

(A.) Engelmann's Experiment. — (a.) Suspend vertically a curarised sar- 
torius of a frog, and pass a constant current through its upper extremity. 
On making the current, the muscle moves^ towards the side of the kathode, 
because contraction occurs at the kathode on making. At break, it inclines 
to the anode. 

(6.) Slit up the muscle longitudinally, so that it looks like a pair of 
trousers, and keep the two legs, as it were, asunder by an insulating medium ; 
at make, thekathodic half alone contracts ; at break, the anodic half. 

(B.) Another Method. — Dissect out the sartorius of a curarised frog, but 
remove it with its bony attachments, clamp it at its centre, and arrange it 
either vertically as in fig. 191, attaching its ends to two recording levers 
placed one above it and the other below it, or fix it on a double crank-myo- 
graph. Pass thin wires from the battery through the two ends of the muscle ; 
on making the current, the lever attached to the kathode rises before the 
other, i.e. J where the current leaves the muscle. On breaking the current, 
the anodic lever rises first, showing that the anodic half contracts before the 
kathodic half. 



^$ LESSON LI. 

OTHER CONDITIONS AFFECTING THE EXCITA- 
BILITY OF NERVE — CHEMICAL, TEMPERA- 
TURE, &o. 

1. Unequal Excitability of Different Portions of a Motor 
Nerve. — Apparatus. — Cell, two keys, wires, commutator, induction 
coil, either for single or faradic shocks, two pairs of electrodes. 
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(a.) Arrange the apparatus as in fig. 178. Diaaect out the whole 
length of the sciatic nerve with the leg attached. Lay the nerve 
on two pairs of electrodes, A and B, one near the muscle and the 
otlier aii'ay from it, and as far apart as possible. Two pairs of 
wires thrust through a cork will do quite well 

(6.) Stimulate at A with a current that gives a minimal contrac- 
tion. Reverse the commutator. Stimulate at B, a stronger 
contraction is obtained, because the excitability of a nerve is 
greater farther from a muscle or nearer the centre. Instead of 
using single shocks, repeated shocks by means of Neef s hammer 
may be used. 




iniiul BiclUblllt; ol > Narr*. 



Z. Effect of Temperature on Excitability of a Nerve, 

(a.) Fix a nerve-muscle preparation on a crank-myograph, so as 
to record on a revolving cyhnder provided with an automatic break- 
key placed in the primary circuit of an induction coil, and so 
arranged as to give only feeble break siiocks. 

(//.) Bring a test-tube filled with water at 80-90° C. near the 
nerve, where the electrodett lie on it. Soon the contraction 
increases and may become maximal 

(c.) Remove the source of heat and the contractions become les^ 
i.e., the excitability falls. 

(•/.) Similar results may be obtained by the direct application 
of warm normal saline to a nerve. 

(For other kinds of nerve fibres see " Effects of stimulation and 
of changes in temperature upon irritability and conductivity of 
nerve fibres," by Howell and others, Journal 0/ I'hynology, xvi. 
p. 298.) 

3. Salt Increases the Excitability of a Nerve. 

(«.) Arrange a nerve-muscle preparation as in 2, and determine 
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the distance of the secondary from the primary coil to obtain 'a 
minimal stimulus, i.e., response. Apply a drop of saturated solution 
of common salt to the nerve between the electrodes and the muscle. 
Almost at once the excitability of the nerve is increased, as shown 
by the height of the contraction, so that the excitabiHty increases 
at once. 

{!).) After several mmutes the muscles begin to twitcli, the salt 
acting as a chemical stimulus. It is thus evident tliat the excita- 
bility is early increased, but before muscular response to chemical 
stimulation is elicited a considerable time elapses. 

4. Effect of Section on the Excitability of a Nerve. 

(a.) Arrange a coil for single shocks, expose the sciatic nerve 
in a pithed frog, and under it, near its central end, place insulated 
electrodes, using single break shocks. Ascertain the distance of 
the secondary from the primary coil at which the break shock is 
just too weak to cause the muscles to respond (sub-minimal). 

(/>.) With a sharp pair of scissors divide the sciatic nerve on the 
central side of the electrodes. The stimulus (previously sub-minimal) 
now causes a strong contraction. 

(r.) Ascertain the distance (perhaps several cm.) to which the 
secondary coil must be pushed away from tlie primary in order to 
obtain again a sub-minimal stimulus. The condition of increased 
excitability lasts for some time. 

5. Excitability of Flexors and Extensors (BoUett). 

Arrange a coil for repeated shocks. Expose either the sciatic 
nerve or the sciatic plexus in a pithed frog. Select a weak 
current, and flexion of the leg muscles is obtained ; on pushing up 
the secondary coil, the extensors prevail 

6. Functions of Different Motor Nerves (Sciatic Plexus). 
Strip off the skin from the hind-legs of a pithed frog. Open 

the abdomen and expose the sciatic plexus, the frog being placed 
on its back. Stimulate with faradic electricity — selecting a 
strength of current just adequate to yield a muscular response — 
each of the three cords forming the sciatic plexus. The upper cord 
supplies muscles acting chiefly on the hip-joint, the lowest acts 
cliiefly on the muscles moving the ankle and toes, and the middle 
one on the muscles acting on the knee-joint. 

7. Conductivity v. Excitability (Griinhagen's Experiment). 
(a.) Pass the nerve of a frog's leg through a glass tube (fig. 179), 

sealing the ends with clay, but not compressing the nerve. The 
tube is supplied with an inlet and outlet, to which elastic tubes can 
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be attached and through which vapours or gases can be passed, and 
also with electrodes so that the nerve can be stimulated within or 
outside the tube. Use a Pohl's coioniutator for this purpose. 

(6.) Pass 'COg from a Kipp's apparatus through the tube ; on 
stimulating the nerve at A 
with repeated shocks, there is 
no response, but on stimulating 
at B there is. Find a strength 
of stimulus which just excites 
the nerve at A and B. On 
passing COg A no longer re- 
sponds to this stimulus, but 
reijuires a stronger stimulus, or 
it may not respond at alL It 
would seem that the excitatory 
change set up at B is propagated 
through A, although its excita- 
bility is very feeble or nil. It 
thus seems to conduct, even 
though it is inex citable. 

(f\) On passing the vapour of 
alcohol the conductivity appears to vanish before the excitability. 
It is better to suck the vapour through by means of any form of 
exhaust pump. The results, however, may be capable of a difiFerent 
interpretation. (Gad, Du Btdt-ReymfyruTs Archiv, 1888, p. 395, 
and 1889, p. 350; Piotrowski, " Trennung d. Reizbark. v. 
Leitungsfah. d. Nerven," ifnd,, 1893, p. 205.) 

(d.) Gold. — Apply cold to a nerve as in 8, t.e., lay the nerve over 
a glass tube through which cold water is conducted. Cold, like 
CO2, abolishes or diminishes the excitability, but not the con- 
ductivity. 

The action of other substances, such us chloroform, ether, and 
CO, have been investigated. 




Fig. 179.— Grunhagen's Experiment on 
Conductivity v. Excitability. 



ADDITIONAL EXEaCESES. 

8. Influence of LocaHsed Gold upon ExoitaSili .y (Gotch). 

A. Upon Nerve, 

The influence of changes in temperature upon excitability can be investi- 
gated by arranging in the moist chamber a glass tube placed at right angles 
to the nerve of a nerve-muscle preparation, and situated so that a small 
portion of the nerve shall lie athwart the tul>e. Through the tube water at 
temperatures varied at will from lo*" to 30"* 0. is allowed to flow. 

Tne alteration in temperatui*e causes a markud aUercUion in the electrical 
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resistance of the tUsue^ this being lowered by warmth and raised by cold ; in 
order to get rid of this purely physical change, it is essential that a large 
resistance should be introduced into the exciting circuit. This is most 
simply done by using non-i)olarisable electrodes with threads attached to the 
ends of the electrodes kept moist by normal saline solution. The threads are 
now arranged so as to touch th6 nerve where it lies on the tube, one thread 
being placed so that the contact shall be on the edge of the cooling tube 
nearest the muscle. The simplest method of exciting the nerve is by means 
of a weak galvanic current. For this purjwse the rheochord is used and a 
weak current emploved of such direction that it shall descend the nerve and 
thus excite this at the cathodic contact on the distal edge of the glass tube. 

In order to ensure that the galvanic current is always of the same duration, 
it is desirable to close the current by an automatic arrangement, either a 
revolving drum carrying a striker which shall at each revolution stiike a 
stretched wire, or a metronome ; but the influence of the temperature alteration 
may be obtained without this arrangement, the closure being effected by a 
Pohl's reverscr without cross lines as a double make mercurial key worked by 
the hand. 

The nerve-muscle preparation having been made and the muscle attached 
to an appropriate lever, so as to record its contraction uj)on a \e:'y slowly 
moving surface, an intensity of current is ascertained, which, with the nerve 
at the normal temperature of the room, is only just adequate to evoke a very 
weak minimal muscular response whenever the circuit is closed. 

The temperature of the nerve is now raised by allowing water at 30° C. to 
pass through the tube, when the response will disappear ; the temperature is 
now lowered by allowing water at 10^ C. or less to flow — the response is now 
very marked. Localised cold thus increases the excitability of nerve to this 
form of stimulus. Similar effects can be obtained with the condenser dis 
charge, with mechanical and with chemical stimuli. If the induction 
current is used instead of the galvanic current, a reverse effect is obtained, 
the nerve-muscle preparation res|)onding better when the excited nerve is at 
30° C. ; and this favourable influence of wamith persists even when a very 
large external resistance is introduced into the circuit. 

B. Uixm Muscle. 

The sartorius muscle of the frog is used for this experiment, the threads of 
the exciting electrodes being placed upon the broad "nerveless" j)elvic end 
of the muscle under which the tube of the cooling arrangement is fixed. It 
is then found that the muscle responds better when cooled to every form of 
stimulus applied to the cooled region, including the induction cunent. If 
the electrodes be shifted to the "nerved" portion of muscle, the response, 
being indirect, is disfavoured by cold when the induction current is used. — 
{CmwmanicaUsd by Projessor Ootch.) See also Journal of Fhys.y XII. 
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THE FEOG'S HEABT— BEATING OP THE HEART— 
EFFECT OF HEAT AND COLD— SECTION OF 
THE HEART. 

1. Heart of the Frog and bow to Expose it. 

(q.) Pith a frog, and. lay it on its back and pin out its legs on 
a frog-plate. Make a median incision through the skin over the 
atemura, continue the incision npwniiis and downwards, and from 
the middle of the sternum make transverse incisions. 

{b.) Reflect the four flaps of fikiii, raise the lower end of the 
epiateruum witli a pair of forceps, and cut through the sternal carti- 
lage just above 'its lower end, to avoid wounding the epigastric 
vein. With a strong pair of scissors cut along the margins of the 
sternum, and divide it above. Do not injure the heart, which is 
exposed still beating within its pericardium. 

(c.) With a fine pair of forcepa carefully lift up the thin trans- 
parent pericardium, and cut it open, thus exposing the heart. 

2. Cieneral Arrangement of the Frog's Heart. 

(a.) Observe its shape, noting the two auricles above (fig, i8o, 
Ad, As), and the conical apex of the single ventricle below (u), the 
auricles being mapped off from the ventricle by a groove which 
runs obliquely across its anterior aspect. The ventricle is con- 
tinuous anteriorly with the bulbus aortte (B), which projects in 
front of the right auricle, and divides into two aortse — right and 
left, the left bong the latter. 

(6.) Tilt up the ventricle and observe the sinus venosus (fig. 
i8i, «,!'.) continuous with the right auricle, and formed by the 
junction of the large inferior vena cava (c.i.) and the two (smaller) 
BUperior venie cava (e.n.», c.».d). 

3. Note the sequence of contraction of the Feveral parta, viz., 
sinus venosuH, auricles, ventricle, and bulbus arteriosus. 

This sequence of events is difficult to note, but what can be 
easily observed is the relative condition of vascularity of the 
ventricle. The frog's ventricle has no blood-vessels supplying its 
muscular walls. Note tliat during systole of the ventricle, i.e., 
during its contraction, it becomes pale, and immediately thereafter. 



I 
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during its liiustole, it is distended with hlood and lias a red appear- 
ance, the blood flowing into it being propelled by the contracting 
auricles. Kotice also how the position of the auriculo-veotricular 
groove moves upwards and downwards during each cardiac cycle. 

Kote the normal rhythm, t.'!., the number of beats per minute. 

4. Effect of Temperature (Heart in gitu). 

(«.) By means of a pipette alluw a few dcops of normal saline at 
ao'-zs" C. to bathe the heart, and note how rapidly the number 
of bf^ats. I.e., rhythm, is increased, and how each individual beat 





V 



{li\ Then apply normal saline at lo' 
I opposite effect on the rate or rhythm 
eontrSction of each individual beat. 



r 5° C, and note the i 
iher with the slower I 



S. An Excised Heart Beats. 

(a.) With a seeker tilt up the apex of the ventricle, and observe 
that a thin thread of connective tissue, called the " frtenum," ' 
eontaining a smaU vein, passes from the pericardium to the posterior 
aspect of the ventricle. Tie a tine silk thread round the frcenum 
and divide it dorsal to the ligature. Count the number of beats 
per minute. By means of the silk thread raise the heart as ft 
whole, and with a sharp pair of scissors cut out the heart by divid- 
ing the inferior vena cava, the two superior vena cavie, and the 
two aortffl. Place the excised heart in a watch-glass, and cover it 
witli another watch-glass. 

(h.) The heart goes on lieating. Count the number of beats pet 

'SiminuteJ Therefore its bi?at is automatic, and the heart contains 

within itself the mechaniem for originating and keeping up ita 

rhythmical beats. 



X 
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{c.) Place the heart on a microscopical slide and note that during 
diastole it is soft and flaccid, and adjusts itself to any surface it may 
rest on. During systole, t.p., when it contracts, its apex is raised 
and erected. _ ^ ~ _ 

6. Heat and Gold on the Excised Heart. 

(a.) Place the watch-glass containing the beating heart on the 
palm of the hand, and the heart beats faster ; or place it on a beaker 
containing warm water, which must not be above 40** C. Note 
that, as the temperature of the heart rises, it beats faster —there are 
more beats per minute — therefore each single beat is faster. 

(b,) Place the watch-glass and heart over a beaker containing iced 
water, the number of beats diminishes, each beat being executed 
more slowly and sluggishly. 

7. Section of the Heart. 

(a.) Expose the heart, divide the pericardium, and ligature the 
fraenum, and by means of it gently raise the heart. With scissors 
excise the whole heart, including the sinus venosus. The heart still 
beats. 

(b.) Cut off the sinus ; it continues to beat. The rest of the 
heart ceases to beat for a time, but by-and-by it commences to beat 
rhythmically. 

(c. ) Sever the auricles from the ventricle ; the ventricle ceases 
to beat. The ventricle, however, has not lost the power of beating 
rhythmically. To prove this, stimulate it mechanically, e.t/., by 
pricking it with a needle. After an appreciable latent period, it 
executes one — generally several — beats, and then becomes quiescent. 
Stimulate with a single induction shock, this also causes it to dis- 
charge one or more beats. 

(rf.) Cut oft* the apex of the ventricle ; it remains quiescent ; but 
if it be stimulated, either mechanically or electrically, it makes a 
single beat — not a series, as in the case of (c). 

(e,) Divide the ventricle of another heart below the auriculo- 
vcntricular groove. The auricles, with the upper part of the ventricle 
attached, continue to beat, while the lower two-tliirds no longer 
beats spontaneously. If it be pricked with a peedle, however, it 
contracts as often as it is stimulated mechanically. It responds by a 
single contraction to a single stimulus, but a single stimulus does 
not excite a series of rhythmical contractions. 

(/'.) With scissors divide longitudinally the auricles with the 
attached portion of the ventricle. Each half contracts spontaneously, 
although the rhythm may not be the same in both. 

{g, ) Instead of cutting, one may use a ligature, or the heart apex may be 
separated by Bernstein's method, viz., compress the heart above its apex 
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by forceps, so as to break the physiological continuity but not the physical, 
both parts remaining connected with each other. In a pulsating heart, all 
pulsates except the apex. It the bulbus aortaB be compressed so as to raise 
the pressure within the apex, the apex also beats. 

8. Movements of the Heart. — Expose the heart of a freshly 
pithed frog as directed in Lesson LII., or better still, destroy only 
the brain and then curarise the frog. Observe 

(a.) That the auricles contract synchronously and force their 
blood into the ventricle, which, from being pale and flaccid, becomes 
red, turgid, and distended with blood. 

(/>.) That immediately thereafter the ventricle suddenly contracts, 
and forces the blood into the bulbus aortae, at the same time becom- 
ing pale, while its apex is tilted forwards and upwards. As the 
auricles continue to fill during the systole of the ventricle, on 
superficial observation it might seem as if the blood were driven to 
and fro between the auricles and ventricle, but careful observation 
will soon satisfy one that this is not the case. Observe very care- 
fully how the position of the auriculo-ventricular groove varies 
during the several phases of cardiac activity. 

(c,) The slight contraction of the bulbus aortae immediately 
following the ventricular systole. 

(d,) The diastoUc phase or pause when the whole heart is at rest 
before tlie auricles begin to contract. Ligature the fraenum and 
divide it, gently raise up the ventricle by the ligature attached 
to the fraenum, and observe the sinus venosus. 

(e.) The peristaltic wave, or wave of contraction, begins at the 
upper end of the vena cava ijiferior and sinus venosus ; it extends 
to the auricles, which contract, then comes the ventricular systole 
and that of the bulbus aortae, and finally the pause ; when tlie whole 
sequence of events begins again with the systole of the sinus. 

(^f.) Before the ventricular systole is complete the sinus is full, 
while the auricles are filling. 

All this is easier to describe than to observe, and it requires 
patient and inteUigent observation to assure oneself of the succes- 
sion of events. 



LESSON LIII. 

GRAPHIC RECORD OP THE PROG'S HEART- 
BEAT— BPPBCT OP TEMPERATURE. 

1. Graphic Eecord of the Frog's Heart (Direct registration 
with lever). 
(a.) Destroy the brain of a frog ; curarise it Expose the heart, 
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stiil withia its pericardium, and arrange a hfiart-lever se 
lightly OD the pericardium over the beating heart. 
r to write oa a revolving cylinder, moving at a 



that it reata 
Adjust the 
rate 



(5-6 cm, per second). Take a tracing of the heating of the heart, 

(i.) Before oommencing the Bxpeiiment, malie s aiiitahle heart-lever with 
a straw about 12 inches long, or a thin strip of wood about tha same length. 
Thrust a Beadle tranaversely either through the straw or through a piece of 
L-oi k slipped over the straw about z incbes from uue end of the lever. The 
needle forms the fulcrum of the lever, ami works in bearings, whose height 
caa be adjusted. To the end of the lever nearoet this is attached, at right 
angles, a uaedia with a small piece of cork on its free end. The lever is so 
adjusted that the cork on the needle rests on the heart. The long am of the 
lever is provided with a writing -style oJ oopper-foi!, or a writing point made 
ol ]»rahniejit paper, fixed to it with sealing-wax. By using a long lover a, 
sulhcieut excursion is obtained. Another form oi heart-iever is shown in Gg. 
consists of a thin glass rod, filed as shown in the figure. The frog is 



1 



laid on its back 
into the eork by m 
the heart. 



13 of the ti 



s fixed 




(r-.y Opea the pericardium, eipose the heart, and adjust the 
cork on the lever. To ohtaia a good tracing, it is well to put a 
resistant body hahind the heart, Eaise the ventricle, ligature the 
frtenum, and divide the latter dorsal to the ligature; behind the 
lieai-t place a pad of blotting- 
pajier moistened with normal r ~ 
taline, or a tliin glass-cover | 
shp, Adjust the cork pad of 
the lever on the junction of 
the auricles and ventricle, to 
write on the drum, moving at 

a alow rate {5-6 cm per jf^g la^.-xnioipg un™ vm ■ ¥tog'« Heart- 
second), and take a tracing. Lbvm reBling onthe Anriculo-Tentriculsi 
-I- .1. . ■ ,c o \ Groove. ,i , Heart itacing ; T. Time i each 
bis the tracing (tig. 183). lutervalreiireBeDUDDeucond. 

(d.) In the tracing note a 
first ascent, due to the auricular contraction, and succeeding this a 
seco»i ascent, due to the contraction of the ventricle, foUowed by 
a slow subsidence, due to the continuation of the ventricular 
systole, and then a sudden descent, due to the diastolic relaxation 
of the heart. 
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2. Auricular Contraction.— Take a tracing with the levB 
adjusted on the auriclea alone, and avoid the hulbus aortse, 
the smaller excursion of the lever. 



3. Ventricular Contraction. — Adjust the lever so as 
a tracing of the ventricular movements only. 

4. In the above eiperimenta arrange an electro- magnetic t 
marker or chronograph under the recording lever, so that the poinS 
of the recording lever and time-marker write exactly in the sa 
vertical line. Thus one can calculate the time-relations of any p 

of the curve. 

5. Effect of Temperature on the Excised Heart 

(a.) Excise the lieart of a pithed frog, lay it on an apparatus 
that in fig. iig. Fix india-rubber tubes to the inlet and outifiij 
tubes of the cooting-hox, the inlet tube passing from a funnel fixetf 



in a stand above the box, and the outlet tube discharging into a 
vessel below it. Adjust the heart-lever to record the niovementf 
of the contracting ventricle on a slowly-revolving drum. If ti^ 
heart tends to become dry, moisten it with normal saline 
with blood. Adjust a time-macker. Take a tracing. 

(6.) Pass water from lo'-za' C. through the cooling-box, notim 
the efTect on the number of coatractions, and the duration, heighu 
and form of each single beat. 

((.) The hpart maj be placed on a, motallin support and gradually heata^^ 
by means of a apirit-Iamp or otlier meana. Fig. 184 sbowa liow the shapt^fl 
size, anpiitude, and aumher of heart- beats raries with a nae of tempentur^fl 
the temperature being lowest towards the left end of the tracing, and rising ] 
aa the tracing wus taken. 




THE FBClQ^ HEART-BE4T. 
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ADDITIONAL EXEEClSEa 
. Another Form of heart-lsyei is Bhown in iig. 185. 




7. In order to record nimultaiiMusly tha contraBtiona of aiirielas and von- 
tritia, and to study tlie relations of these events one to the other, a lover 
must be placed un the suriclea and anottier on tbe ventricle, and the poinlw 
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SUSPEENSION METHODS FOB HEART— QASKBLL' 

HEART-LEVER AND CLAMP. 



1. Gaskell'B Heart-Lever (Suspension Methods), 
(a.) This lever is extremely convenient (fig. 187), Expose th? 
heart of a pithed frog, ligature and divide the fnenum, tie a fine 
silk thread to the apex of 
the ventricle, and attach the 
thread to the writing-lever 
placed above it. The lever 
in kept in position by a thin 

. thread of elastic, which 
raises the lever after the 
contraction of the heart haa 
depressed it, 

(6.) Record the movements 
on a drum moving at a 
slow rate. Record time in 
seconds. 

(>•.) First the auricles con- 
tract and pull down ths 
lever slightly, then the 
greater contraction of the 
ventricle pulls the lever 
down further, and when the 

f ventricle relaxes, the lever 
ia raised by the elastic thread. 
Fig. 188 shows tracing ob- 

no clamp is applied. 




tained when the heart is free and 
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the heart ^^M 
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By this method, also, the effect of heat, cold, drags 
can be ascertained. 

N.B. — If it is desired to ascertain the action, of a drug on the 
heart by this method, then make a snip in the heart aa that the 
blood may flow out and the drag act directly on the cardiac 
muscle. 

2. Varying Speed of Cylinder and Effect of Temperature. 

(a.) By means of Gaskell's lever record the form of the heart- 
beat with varying rates of speed, marking time in seconds in each 
case (fig. 189). 




ria. 190.— Sliuws thB Bflect o( Nonril Saline 
directtf applied to tha Bfazt (at <>-, ,,° 
Bnd 30° C). T tlniH Id secauds. Gaikell's 



('1.) Then ascertain effect of temperature on the rate of beat and 
form of heart curve by applying normal saline, say at 0°, 15°, and 
30° C, directly to the heart (fig. 190), 

3. Gaskell's Clamp. 

(a.) Qn a suitable support arrange two recording long lif^t 
levers of the same length, and with their writing points exactly in 
the same vertical line, recording on a slow-moving drum, the levers 
being about sz cm. apart. About midway between the two place 
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& Gaskell's clamp (fig. 191, C), fixed iu an adjitstHble arm attached 
to the same atani To support tlie Tipper lever, fix to it a fine 
thread of caoutchouc (E), and attach the latter to a slit or other 
arrangement on the top of the support. The clamp consists of two 
fine narrow strips of brass, 
hke the points of a fine pair 
of forceps, wliich can be 
approximated by means of a 




(li.) Expose the heart of a 
pithed frog. Tie a iine silk 
thread to the apex of the 
ventricle, and another to the 
^^^^^^"■^"^ upper part of the auricles, and 
excise the heart. Tie tlie 
auricular thread to the upper 
lever and the ventricular one 
at a suitable distance to the 
lower lever. 

Fio, .9..-G.u«ii'8 cirnnp. c. Hwirt In <:Ump ; (,■.) Adjust the clamp (fig. 
Ei^Ht'w'^KA^iteHriTpIliiJ'd'drwiJ-*'* 1 9 1, C) SO as to clamp the 
heart in the auriculo- ventricu- 
lar groove, hut at first take care not to tighten it too much, or 
merely juat as much as will Biip|iort the heart in position. After 
fixing tile lieart by means of th<: clamp, lix the two levers so 
that both are liorizoiital, and ailjust the caoutchouc thread attached 




J 



to the upper one, bo that it just siipports the upper lever, and when 
its elasticity is called into play by the contracting auricles pulling 
down the lever, it will, when the auricles relax, raise it to the 
horizontal position again. 

(rf.) Adjust a time-marker to write exactly under the writing 
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points of the two levers. Moisten the heart from time to time 
with serum or dilute blood. 

(e,) After obtaining a tracing where the auricle and ventricle 
contract alternately (fig. 192), screw up the clamp slightly until 
the ratio of auricular to ventricular contraction alters, *>., until, 
by compressing the auriculo-ventricular groove, the impulse from 
the auricles to the ventricle is " blocked " to a greater or less 
extent, when the auricles will contract more frequently than the 
ventricle. 

4. Excised Heart (Grotch's Arrangement). 

By this method all the parts are fixed to a T-P^^^e which is 
clamped in a stand, so that the whole, preparation, electrodes and 
everything, can be easily adjusted (fig. 193). 




Fia. 193.— Gotch*s Arrangement for Excised Heart All parts are fixed on one T-pIoce» 
T.P, F. Clamp-forceps for heart ; C. Cork ; L. Lever. 



(a.) Excise a frog's heart, suspend it by clamp-forceps (F) to a 
horizontal rod attached to a f-piece (T.P.). On the y-piece is 
a cork into which the electrodes are fixed, while the heart pulls on 
a counterpoised lever. 

(hj) By means of this arrangement we can (i) with a Stannius 
heart show (i.) the latent period of cardiac muscle or cardiac delay, 
(ii.) the delay of transmission of an impulse from auricle to 
ventricle in the groove ; (2) with a beating heart, the refractory 
period, rhythm, inhibition from the sinus (crescent), effect of 
atropine, muscarine, &c. 

5. Place a frog on a crank-myograph, attach the apex of the 
heart still in situ to the crank-lever and record its movements. 
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6. Writing Point of Bayliss. — When it is necessary to diminish 
friction as much as posaible, this style is most excellent. Fix to a 
straw a piece of gummed paper, and to this attach a bit of peritoneal 
membrane (same as is used for oneometers) and a bit of capillary 
glass tube fused to a little ball at the end, and attached to the 
peritoneal membrane by Prout'a glae. The membrane is made 
broad to give rigidity in the direction of movement of the lever. 

7. Pat a glasa tube i 
Pass water at difforBiit tf 
on the heart. 

(Engfllmann, "Versuche am auBj«ndirten Seizsa," FfiUger's ArMv,, lii. 
Iri., lix. ; Kaiser, ZeiU.f. Biot., zziiL, 1896.) 



^ 1. Stanniua's Experiment. — Pith a frog, and expose its heart. 

(a.) With a seeker clear the two aortse from the auricles, and with 
an aneurism needle pass a moist silk thread between the two aortte 
and the superior veme cava ; turn up the apex of the heart, divide 
the frtenum, and raise the whole heart to expose its posterior 
surface, and the crescent or line of junction of the sinus venosua 
and the right auricle. Bring the two ends of the ligature round 
the heart — call this for convenience No. i hgature-^tie them, and 
tighten the ligature just over the " crescent," so as to constrict the 
line of junction of the sinus venosus with the right auricle. Befoie 
tightening the ligature, observe that the heart is beating freely. 
On tightening the ligature, the auricles and ventricle cease to beat, 
and remain in a state of relaxation, while the sinus venosus con- 
tinues to beat at the same rate as before. After a time, if left to 
itself, the ventricle may begin to beat, but with an altered rhythm. 
If the relaxed ventricle be pricked, it executes a single contraction, 
t.e., a single stimulation produces a single contraction. 

(6,) When the heart is still relaxed, take a second ligature (No. 
2), and preferably of a different colour, to distinguish it from No. 
I ; place it round the heart, and tigliten it over the auiiculo-ven- 
tricular groove, so as to separate the ventricle from the auricles. 
Immediately the ventricle begina to beat agaiii, while the auricles 
lemain rolaxed or in diastole. 
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(c.) Instead of aiiplying No. 2 ligature, the ventricle may be cnt 
off from the auricles by meaos of a pair of Hcissors. Immediately 
after it is amputivted, the ventricle begins to beat. Stannius liga- 
ture ia of practical importance (i,) for arresting the uninjured 
ventricle to measure its electro-motivity (Lesson XLVI.), (ii.) for 
ascertaining tlie latent period of cardiac muscle (p. 272) (Hofmann, 
" Function d. Sclieidewandn erven d. rroschherzens," Pjliiger's 
Arcliiv., Bd. 60, p. 139). 

2. Staircase Character of the Heart-Beats. 

Stannius a heart as above, i.e., arrest the beating of the auricles 
and ventricle by tightening a ligature over the sin o- auricular groove. 
Attach the apex of the heart by means of a silk thread to a record- 
ing lever, as in fig. 187, and record on a alow-moving drum. 

The heart in quiescent. Stimulate it with a single induction 
ahock at intervals of 5 seconds. Notice that the first beat is 
lower than the second, the aecond than the third, so that each beat 
exceeds its predecessor in amplitude until a maximum beat is 
obtained. The amount of increase gradually decreases towards the 
end of the Beries. This is the " Staircase " of Bowditch. 

" 3. Intracardiac Inhibitory Centre. 

(a.) Expose the heart in a pithed frog, tie a fine ailk Ugaturo 
round the frsenum, and divide the latter between the ligatured 
spot and the pericardium. Gently raise the whole beart upwards 
to expose the somewhat whitisli V-shaped "crescent" between the 
sinus venosus and the right auricle. 

(6.) Arrange previously an induction coil for repeated shocks. 
Place tlie electrodes — which must be fine, and their points not too 
far apart (2 millimetres) — upon the crescent, and fatadise it for a 
second ; if the current be sufficiently strong, after a period of delay, 
the auricles and ventricle cease to beat for a time, but they begin 
to ])eat even in spite of continued stimulation. Tbe electrode B,ro 
conveniently supported on a short cylinder of lead. They can be 
fixed to the lead by modeller's wax. 

(c.) Stimulate the aiuiclea ; there is no inhibition or arrest, 

(il.) Apply a drop of aulpbate oi atropine solution (Lesson LVIIt 
1) to the heart. Stimulation of the crescent no longer arrests the ' 
heart. The atropine paralyses tbe inhibitory fibres of the vagus. 

i. Inhibitory (Crescent) Arrest Becorded. 

(a.) Take a tracing with Gaskell's lever. Stimulate tbe crescent 
for i-z seconds with induction shocks as in 3, and observe tha 
ureat of the heart's beat (fig. 194). In the primary circuit place 
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a small eleotro-ra^netie signal. This will beffin to vibrate when 
the primary circuit is closed, and mark the period of stimulation as 
a white patch on the black surface. Make its poiiit record exactly 
under the heart-lever. Take a tim.B-traoing in seconds, 

(t.) After a pauae tile beat begins, the contraction travelling 
as a wave from sinus, through auriules to ventricle. 

(a.) Stimulate the auriclea. During inhibition the sinus beats, J 
but the auricles and ventricle do not, because the escitabilitf of the I 
auriclea is so lowered that tliey do not propagate the excitatory i 
procesB. 

(d.) Stimulate the ventricle mechanically, the heart beats in 
reverse order from ventri.cle, auriclea to sinus. 



5. Seat of the Motor Oeatrei. 

(a.) Expose s, pithed frog's heart, cut ont the vBntriele with tho anriolea 
attached to it, and observe that the heart continues to bsat. Divide tbs 
ventricle vertically by two parallel cu.ta into three portions. The middla 
portion contains the auricular se[>tutn, in whicli lie ganglionio Cells. It cnn- 
tinuea to beat while the right and left lateral [arts do not heat spontaneously, 
but respond by means of a single contraction if they are stimulated. 

' 6. Latent Period of Cardiac Muscle (Cardiac Delay). — This is 
ascertained in the same way as in a skeletal muscle, but there is this 
difference, the heart beats rhythmically while the skeletal muscle 
ifl at rest until excited. Therefore the heart-boat must be brought 
to a standstill. This can be done by a Stannius ligature. 

{a.) Arrange an induction coil to give single shocks, putting in 
the primary coil an electro- magnet which records its movement on 
a slow-revolving drum. This will indicate the moment of stunu- 
lation. 

(fi.) Expose the heart in a pithed frog, " Stannius " its heart 
{Lesson LV,). This will arrest its beat. Then tie a silk thread to 
the apex of the ventricle, and attach the tliread to a Gaskell's heart- 
lever. Arrange the heart-lever so that it records on a drimi exactly 
above the electro-magnet. 
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ndn exactly over the 



LVl.] 

(r.) Ailjuat a lever marking time 
electro-magnet lever. 

('/.) There will be recorileJ two horizontal lines; stimulate with, 
a single induction shock, — the moment of stimulation will be 
indicated by the second lever, and shortly after, the heart will 
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respond ; the interval represents the " latent period " — widish may 
be about half a aecoud according to temperature and other con- 
ditione (fig. 195). 

(e.) Stimulate the auricle 11 d observe the longer "delay"; the 
wave of coutraction takes longer to travel, and is delayed at the 
groove. 



LESSON LVr. 



1. Cardiac VagUB of the Froj — To Expoae it. — Make a pre- 
liminary dissection before attempting to stimulate the vagus. 

Pith a frog, or destroy its brain and curarise it. Lay it on 
its buck on a frog-plate. Expoae the heart, remove the sternum 
and pull the fore-legs well apart. Introduce a small test-tube or 
stick of sealing-wax into the ceaopli^^us to distend it ; the nerves 
leaving the cranium are better seen winding round from behind 
when the iBsophagus is distended. Remove the muscles covering 
the petrohyoid muscles, which reach from the petrous bone to the 
posterior horn of the hyoid bone (Hg. 196). Three nerves are seen 
coursing round the pharynx parallel to those muscles. The lowest 
is the hypoglossal (Hg)i easily recognised by tracing it forward to 
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the tongue, &1xive it is the vagui^ in close relation with a blood- 
vessel (V), and still further forward is tlie gloaso-phurycgeal {GP), 
Observe the laryngeal branch of the vagus (L). The vagus, as 
exposed outside the cranium, is the vBgO-sympathetic. The . 
glosso-pharyngeal and vagus leave the crauium through the same 
foramen in the ex-oecipital bone, and through the same foramen 
the sympathetic enters the skull. 

2. Stimulation of the Cardiac Vagns. 

(«.) Adjust a Gaskell's heartleTer to record the contractions of 
the heart on a revolving drum moving at a slow rate. 




BR. binchiul pleii 



Frog's VBgaa. S.V. Suhmentnlli 
'B. Hjold; Hfl. HjOBloBau 
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(b.) Place well-insulated electrodes under the trunk of the vagus. 
Take a normal tracing, and then stimulate thn vagus with an inter- * 
rupted current, and observe that the whole of the he.art is arreHted 
in diastole. The best form of electrodes is the fine shielded elec- 
trodes shown in fig. 227. Although the faradisation is continued, 
the heart recommences beating. The arrest, or period of inhibi- 
lion, is manifest in the curve by the lever recording merely & , 
straight line. If the laryngeal muscles contract, and thereby affect 1 
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the position of the heart, divide the laryngeal hranches 
vagus. 

(c.) Kote that when the heart hegina to 1ieat again, the heate are 
small at first and gradually rise ki normaL IJa some instances, 
however, they are more vigorous and quicker (fig. 197), ' 

3. Latent Period or Delay of Vagus. — For this purpose a time- 
marker and an arrangement to indicate when the stimidus ia thrown 
into the nerve are required. 

(a.) Arrange the heart-lever as hefore, and adjust a time-marker 
to write exactly under the heart-levet. 1 

(b.) Arrange an induction coil for repeated shocks, and keep. 
Neef's hammer vibrating. Into the gecomiary circuit introduce an ' 
electro-magnet with a writing-lever attached to it ; bo adjust the 
eleetro-magnet that its writing-style writes exactly under the heart- 
lever, and arrange that when the writing-style on the electro-magnet 
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c.ff., hy means of a weight — the secondary circuit 
short- circuited, so that no stimulus is sent along the electrodes under 
the trunk of the vagus. 

(c.) "Wljen all is ready, hft the weight off the electro-magnet, 
whereby the secondary current ia un-short-circuited, the electro- 
maj^net lever rises up, records its movements on the cylinder, and 
at tlie same moment the induction shacks are sent through the 
vtgus. Observe that the heart is not arrested immediately, but a 
certain time elapses — the latent period — usually about one heat of 
the heart (1*5 sec), before the heart is arrested. 

(d.) Short-circuit the secondary current asain, and observe how 
the heart gradually resumes its usual rhythm — sinus venosus, 
auricles, and ventricle. 

(''.) Ke]}eat (c.) several times, noting that the lieart after arrest 
goee on beating in spite of continued stimulation. 

(j.) An electro-magnet may be introduced into the primary 
circuit to mark the moment of stimulation just as in Lesson LIV. 6. 

4. Action oftte Sympathetic on the Heart of the Frog, 

(a.) Fith a frog, or prtferably a tuad, out away tlie lower jav, and oontiDiM I 
the ^t irom the angle ol the mouih dowDwards lor a short distance. Tura | 
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tbe parts well aside, and expose the vertebral colamn where it joins the skull. 
Remove the muooQB membrane covering the loof of tlie mouth. The sym- 
pathetic is found before it joins the vagus emereing from the oraniam (fig, 
198), Carefiillj isolate the symi»thetic. It lies immediately under the 
levator anguli scapute, which mast be carefully removed with Bne forceps, 
when the nerve comes intfl view, usually lying under an artery. The nerve 
is usually pigmented. Put a ligature round it as lar away from the skull as 
practicable, and cut the nerve below tbe ligature. 




Its. T9B.--Scheme ot the Frog'i Sympathetic. LAS. levator ugnll soapulM! agm. 



jiipported by ai 



ta : SA. SubcUvlw artei? (C 



{b.) Expose the heart and attach its apei 
thread as in Gaskell's method. Record sei 
late the sympathetio with weak interrupted shocks by m 
The heart beats quicker. If the heart is beating 
number of beats by cooling it with ice. 

(c.) If desired, the vagus may be isolated and stimulated, and the effects of 
the two nerves comparra (although the vagus outside the skull is really the 
vago- sy mpathetic ], 

Stimulation of the intrftcninlal vftgna— i.e., before it is joined by the 
sympathetic— is somewhat too difficult for the arerage student, and is there- 
fore omitted here. 

N.B. — It is important to note that tbe eOect of vagus stimnlation on the 
heart varies with the season of the vear, and is often different in the two vagL 
In some animals one vagus is inactive. 
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LESSON LVII. 

DRUGS AKD CONSTANT CURRENT ON HEART 
—DESTRUCTION OP CENTRAL NERVOUS 
SYSTEM. 

1. Action of Drugs on the Heart — Muscarine, Atropine, and 
Nicotine. — Either the excised heart, placed in a watch-glass, or the 
heart in situ may be used, or Gotch's method may be employed 
(p. 269). The heart may be attached to a Gaskell's lever (fig. 187) 
and the result recorded. The last is the best plan, for by this means 
a tracing can readily be obtained. 

(a.) Muscarine. — Pith a frog, expose its heart, and if desired 
attach its apex to a Gaskell's lever recording its movements. Record 
the result (fig. 199). To get the full effect of the drug on cardiac 
action snip the heart to allow the blood to run out. With a fine 
pipette apply a few drops of serum or normal saline (0.6 p.c.) con- 
taining a trace of muscarine, which /apidly arrests the rhytlimlcal 
action of the heart, the ventricle being relaxed — i.e., in diastole — 
and— if uncut— distended with blood. Before it stands still the 
heart-beats become less and less vigorous. (This is a good method 
of collecting a considerable quantity of frog's blood when it is 
wanted for any purpose from the heart.) 

(6.) When the ventricle is completely relaxed in the diastoHc 
phase, it is very inexcitable, responding only to strong stimuli, and 
perhaps the auricles not at all. 

Atropine. — To the heart arrested with muscarine, 

(c.) After a few minutes, with another pipette apply a few drops 
of a 0.5 per cent, solution of sulphate of atropia in normal saline. 
The heart gradually again begins to beat rhythmically. Thus the 
atropine undoes the effect of the muscarine. This is sometimes 
spoken of as " Antagonistic action" of drugs (fig. 199). 

(d.) Faradise the crescent or inhibitory centre of the atropinised 
heart; the heart is no longer arrested, because the atropine has 
paralysed the intracardiac inhibitory mechanism. 

(<?.) Pilocarpine. — In another frog, arrest the action of the heart 
with pilocarpine, and then apply atropine to antagonise it, observing 
that the heart beats again after the action of atropine. 

(/.) Nicotine. — Apply nicotine (.2 milligram). Stimulation of 
the vagus no longer arrests the heart's action, but stimulation of the 
sinus venosus does ; so that nicotine paralyses the fibres of the 
vagus, and leaves the intracardiac inhibitory mechanism intact. 
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2. Constant Current on the Heart. 

(fi.) Pith a frog. Cut out the liaart, dividing it below tht 
auriculo-ventrieular groove, thiia obtaining an " apex " pn 
which does not beat spontaneously. 



BppliBd 



{''.) By means of sealiiig-wax, fix a cork to a lead base 5 c 
square, cover the upper end of the cork with aealing-wax, and ] 
thrust through it two wires to serve as electrodes, about 4 mm, J 
apart (fig. 200), or by means of sealing-wax fix two fine wires U[ 
an ordinary microscopic glass slide to act as electrodes. Cover the 1 
wliole with a beaker lined with moist blotting-paper. Place the ' 
heart apex with its base against one electrode, and its apex aj^ainst 
the other. 




(e.) Arrange two Daniell's cells in circuit, connect them with 
a key, and to the latter attach the electrodes. Pass a continuous 
current in the direction of the apex. The heart 1 
rhytlimical beating, and continues to do so as long 
current passes through the living preparation. 
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apart. They will act ta electrodes. Connect the other ends of the wires to 
a Da Bois key introdncad into the aocDitiJary circuit uf an induction machine. 
Arrange the prinnLrf coil for single induction shocks, introducing a Morse 

lb.) Make an "apex pre]>arBtion," and place it on the electrodes on the 
glius slide. Rest on the heart a heart4over iiroperly balanced and urranged 
to record its movomBnts on a alow-moving drum {5 mm. por aecond). The 
preparation does not contract spontaneously, but reaponda to mechanical or 
electrical stimulation. 

(c.) Stimulate the apex preparation with single break induction sliocks at 
intervals of about ten seconds. To do this, nn -short- circn it the sccondniy 
circuit, depress the Morse key, short -circuit the secondary circuit, and dote 
the Morse key again. Kepeat this at intervals of ten secoiida, and note that 
the amplitude of the second contraction is greater than the Gut, that of 
the thini than the second, the fourth than th« third, and then the successive 
beats havD the same amplitude (Gg. zoi). Allow the heart ajiei to rest for a 
few minutes, and repeat the stimulation. Always the same result is obtained. 
From the graduated rise of the first three or four beats afU:r a period of rest, 
the phenomenon is hnown as the "itnircaae." The increment is not eq^ual 
e beat, but diminishes trom the beginning to the end of tho 



(rf.) If, while the apex is relaxing, it be stimulated by a closing shock, it 
contracts again, so that the lever does not immediately come to the abscissa. 

[«.) Il the Morse key be rapidly tapped to intsri-uirt the primary current, 
the contractions be^^ome more or less fused, and the lei'cr remains above the 
abscissa n^riting a sinuous line. 

4. Effect of Deitmotiou of the Nervous System on the Heart and Vbi- 
cnlaT Tonos. 

(a.) Destroy the brain of a frog, and expose its heart in the usual way, 
taking care tn lose no blood ; note how red and full the heart is with blood. 



{b.) Suspend the frog, or leave it on its back, introduce a stout pin 
spinal canal, destroy the spinal cord, and leave the pin in the canal h. _ 
bleeding. Observe that the heart stil! continues to beat, but it is juiU and 



coUapscd, and apparently ewpty ; it no longer fills with blood. The blood 
remains in the greatly dilated abdominal blood. vessels, and does not return 
to the arterial system, so that the heart remains withoQt blood. It the belly 
be opened, the abdominal veins are seen to be filled with Mood, 

(c.) Amputate one limb, perhaps not more than one or two drops of blood 
will be shad, while in a frag with its spina! cord still intact, blood Bows freely 
after amputation of a limb. 
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1, Ferfusion of Fluids through the Heart. 
IHie Fluid. — (a.) Take two voluines of normal saline, add one 
volume of defibrinated aheep'B blood, ma, and filter. Hee that 




I and divide the ficenum i 
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the blood is thoroughly shaken up with air before mixing it. This 
is the best fluid to use. i 

(/i.) Emger'B Pliud. — Take 99 cc. of .6 per cent. NaCl solution, 
saturate it witli calcic phosphate, and add I cc. of a i per cent, 
solution of potaasic chloride. 

(c. ) Rub up in a mortar 4 grama of dried oi-blood (this oaa be purchasadV 1 
with 60 cc. of uorujol saline. AUow it to stand some time, add 40 eo, « ~j 
trater, and filter. 

2. Preparation of the Heart. 

(•I.) Pith a frog, espoao ita heart, ligatur 
behind the Iij;ature. 

('■-) Take a two-wuyed cannula (fig. aoa), attach india-rubber t 
tubing to each tube, and fiU the tubes and cannula with the 
fluid to be perfused. Pinch the india-rubber 
[ tubes with fine bulldog forceps to prevent the 
iscape of tiie fluid. J 

(e.) Tie a fine thread to the apei of thaJ 
ventricle. To this thread a writing-lever if 
be attached. 

('(.) Jiy means of the frsenuni iigaturo raise 
the heart, with a pair of Bciasors make a cut 
into the sinus, aud through the opening intro- 
duce the double cannula passed throngh a 
cork, until its end is well within the ventride. 
Tie it in with a hgature, the ligature constrict- 
ing the auricles above the auriculo-ventricular 
ne !os, — Kroiiocker's groove, thiis making what is known as a 
^unuLa (or Frogs „ heajt-preparation." Cut out the heart with 

its cannula, 
(e.) In a filter-stand arrange a glass funnel, with an india-rubber 
tube attached, at a convenient height {6-7 iuchea above the heart), 
fill it with the perfusion fluid, clamp the tube. Attach this tube 
to one of the tubes — the inflow— connected with one stem of the 
cannula, taking care that no air-bubbles enter the tube. Adjust 
the height of the reservoir so that the fluid can flow freely through 
the heart, and pass out by the other tube of the cannula. Place a 
vessel to receive the outflow fluid. After a short time the heart 
will begin to beat, 

(/.) Place the heart in a cylindrical glass tube, fixed on a stand, 
and arranged bo that the cork in which the cannula is fixed fits 
into the mouth of the tube. A short test-tube does perfectly 
well. The lower end of the glass tube has a small aperture in it 
through which the thread (c) is passed, and attached to a writing- 
a stand as the glass vesseL See that 
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the lever ia horizoutal, ami writes fitaely 
dram. Every time the he^rt coiitmcts it 
diastole the lever falls (fig. 203), 

In this way it is possible to use variou 
fluids may be placed in separate 
with the inlet tube, and 
capable of being shut off or 
opened by clamps as re- 
quired. FurtJier, by poison- 
ing the supply fluid with 
atropine, muscarine, sparte- 
ine, or other drug, one can 
readily ascertain the effect 
of these dnigs on the heart, 
or the antagonism of one 
drug to another. 

Instead of a glass funnel 
08 a reservoir for the fluid, '"" '" " 

one may use a Marriotte's flask (fig. 804), the advantage being that 
the pressure of the fluid in the inflow tube is constant. Another 
Riraple arrangement is tn have a bird's watcv-bottle, with a curved 
tube leading from it to the inflow titbe of tlir cannula, 

3. Pifiton-Secoider (of Schafer). 

The heart is tied to a two-way cannula as before, anil is intro- 
duced into a horizontal tube with a dilatation on it. The tube of 
the recorder is filled with oil, and as the heart dilates it forces the 
oil along the tube and moves a light piston testing on it. When 
systole takes place, the oil recedes, and with it the piston. Tlie 
piston records on a slow-moving dnim placed horizontally and 
gives excellent results. 



I 




1. Endocardial PreBBore in the Heart or a Frog. 

(a.) Procaad as in the i)reyioua ei[)eriment (a.), (A.) (omit c), (rf.). 

(A.) Arrange a (rag'ti luereurj manometer jirovided with s writing-style us 
in Gg. 204. AttdL'h tlie inlet tube of the cannnia to tlie Marriotta'a H^ks 
(a, b), and cannEct tlie outHow with tha tube of the mercur; manninetor. ll 
ia well to have s J-tube between the heart and the manometer, but in tht.' 
heart apparatus, ag ahowu and used, tba exit tube is (irefenhle. See thai 
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B the beiTt contrai 



vr-moriug drum. 

(r.) Taka s trading with the oulQow tube aud MavKotte's flask shut off, lil 
that the whole effect of the contraction of the heart is exerted npon t" 
meiiiur; in the mannmeteT. Take another tracing when the Bnid is alloK 
to Bow contiiinoualy throngh the heart. The second M«rriotte'a flask shoil 
ill the figure ia for the prfusiou of fluid of a difTereut ni 
of the at"tKi™k (() one can pass cither the one fluid or the other through tL 
heart The little cup {rl) under the heart can be raised or lowered, and lilla^ 
Rith the nutrient fluid, and in it the heart is bathed. 

2. Apex Freparation. — Id this pn>- 1 
paration of t)ie heart only the apex I 
of the heart is used. Aa a rule, itl 
does not beat spontaneously 

sufficient pressure is npnlied b. 

inner surface by the fluid circulating 
through the heart. 

(a.) Proceed as in Leason LVIII. jj 
(a.). (6.) (omit c), (d.), with thU 

JifforBnce, that in (it) thi ' 

IK iilaced dee|ior into the 
and the ligatora is tied round t 
ventricle below the auricula ventrimtj 
lar groove. Excise the heart a 
cannula, and attach it to the he 
apjiaratus aa in the previous expeli-1 

(6.) If the "heart ajies" pre|ial».l 

tioQ does not contract s]iontaneous1f,T 

stimulate it by, e.g., dnsle Indnotf— 

■hocka. either make or break. 

this end adjust an induction machin^ifl 

Fm. ao,.— SclieniB o( KroneoltBr'i Froff the wires from the aecondaiy coi! Iwin^ 

Uauomeler, attached, one to the cannula itselcl 

while the other is placed in the flala 

in the aloas cup, into which the heart ia lowered. 

(e.) By introducing an electro-niagiiet with a recording lever into I 
primary circuit, and having a timamarker recording at the same time, o 
can determine the latent period of the apex pre[«ration. It is aboutais 

(({.} If desired, the effect of a ooiutant ourrent may be studied in this way 
instead of by the method de:>cribed in Lesson LVI. 2. The apex beats 
rhythmically under the influence ofthe eonatant current. 

S. Boy'i Frog-Heart Apparatos or Tonometer, —This apparatus registers 
the change of volume ofthe contracting heart. Fig. 205 shows a scheme of 
the apparatus, and fig. 206 the aiiparatus itaek The apparatus cc 




small b«ll-jar, resting o 



r brass plate about z inches in diameter. 



■nd fii»d to a stand adjustable on an upright. In the brass plate 
ojienings, the small one leads into an outlet tube (e), jirovided with 
cock. The other is in the centre ol the plate, and leads into a short oylindel 
1 cm. in length by I cm. in internal diameter. A groove rqna round the 
■ids of ijiis cytinaer near its lower edge, to permit of a membrane being 
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Q piston (p), slightly less in 
irture of the oylindet ja tied 
H piece or flexible anim&l nienibrsDe, the liga- 
ture testing in the grooved collar. The Iree 
part of the membrane ia lied to the pifltou, Irom 
the centra of whose under- surface {p) a needle 
passes down to be attaclied to a light vriting- 
Wer(/) fixed below the stage. The bell-jar la 
filled with oil (0). while iu its upper oiwcina is 
fitted a short glass sto]>|ier, uerfarated t^i allow 
the jiaseage oi a two-waved hesrt-cannula with 
the heart attaclied (h), in uisiiig the instrument 
proceed as ibllows: — 

(a.) Fix the hell-jar to the circular brass 
plate by the aid of a little stiff greaae. Tie a 
piece ot the delicate transparent membrane — 
such as ia Used by perlumera for covering the 
corks of bottleB — m tie lonu of a tube round 
the lower end of the 
Ijrooved cylinder ; 
ilterwards the lower 
tnd of the membrane 
s fixed to the pis- 
ton, talcing care that 
towards the recording lever. Drop 




(i^.) Fill the jar with olive-oil, and have the recording apparatus ready 
adjusted, FrepaTa the heart of a large Irog [Lesson LVIIL (a.), {^.)(omit e.). 
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(^/)y the cannula used being one fixed in the glaae stopper of the bell -jar, and 
attach the inlet tube of the cannola to the reserroir of nutrient flaid, while 
the outlet tube is arranged so as to allow fluid which has passed through the 
heart to drop into a suitable yessel. 

(r, ) Introance the cannula, with the heart attached, into the oil, and see 
that the stopper is securely fixed. Open the stopcock («), and allow some oil 
to How out of o, thus rendering the pressure within sub-atmospheric ; and as 
soon as the pressure has fallen sufficiently, and the little piston is gradually 
drawn up to the projier height, close the stopcock. Attach the needle of the 
inston to the recording light lever, and take a tracing. 
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HBART-VALVBS— ILLUMINATED HEART— STBTHO 
SOOPB— CARDIOGRAPH— POLYGRAPH - MBIO- 
OARDIA — REFLEX INHIBITION OF THE 
HEART. 

1. Action of Heart- Valves. — This is of value in order that the 
student may obtain a knowledge of the mechanical action of the 
valves. The heart and lungs of a sheep —with the pericardium still 
unopened — must be procured from the butcher. 

(a.) Open the pericardium, observe its reflexion round the 
blood-vessels at the base of the heart. Cut off the lungs moderately 
wide from the heart. Under a tap wash out; any clots in the heart 
by a stream of water entering through both auricles. Prepare from 
a piece of glass tubing, 15 mm. in diameter, a short tube, 8 cm. in 
length, with a flange on one end of it, and another about 60 cm. 
long. Fix a ring to hold a large funnel on a retort stand. 

(h.) Tie the short tube into the superior vena cava, the flanged 
end being inserted into the vessel. It must be tied in with well- 
waxod stout twine. In the pulmonary artery (P. A.)— separated 
from its connections with the aorta, which lies behind it — tie the 
long tube, the flange securing it completely. Ligature the inferior 
vena cava, and the left azygos vein opening into the right auricle. 
Connect the short tube by means of india-rubber tubing with the 
reservoir or funnel in the retort stand. Keep the level of the 
water in the funnel below the upper surface of the P. A. tube. Fill 
the funnel with water ; it distends the right auricle, passes into 
the right ventricle, and rises to the same height in the P. A. tube 
as the level of the fluid in the funnel Compress the right ventricle 
with the hand ; the fluid rises in the P. A. tube ; and observe on 
relaxing the pressure that the fluid remains stationary in the P. A. 
tube as it is sup^x^rted by the closed semilunar valves. If the right 
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ventricle be compressed rhythmically, the fluid will rise higher and 
higher, until it is forced out at the top of the P. A. tube, and a 
vessel must be held to catch it. Observe that the column of fluid 
is supported by the semilunar valves, and above the position of the 
latter observe the three bulgings corresponding to the position of 
the sinuses of Valsalva. 

(c) Repeat (Z^.), if desired, on the left side, tying the long tube 
into the aorta, and the short tube into a pulmonary vein, ligaturing 
the others. 

(d,) Cut away all the right auricle, hold the heart in the left 
hand, and pour in water from a jug into the tricuspid orifice. The 
water runs into the right ventricle, and floats up the three cusps of 
the tricuspid valve ; notice how the three segments come into apposi- 
tion, while the upper surfaces of the valves themselves are nearly 
horizontal. 

(e.) With a pair of forceps tear out one of the three segments of 
the semilunar valve of the P. A. Tie a short tube into the P. A., 
and to it attach an india rubber tube communicating with a funnel 
supported on a retort stand. Pour water into the funnel, and 
observe that it flows into the right ventricle, floats up, and securely 
closes the tricuspid valve. The semilunar valves have been 
rendered incompetent through the injury. Turn the heart any way 
you please, there is no escape of fluid through the tricuspid valve. 

(/.) Take a funnel devoid of its stem and with its lower orifice 
surrounded by a flange, and tie it into the aorta. Cut out the aorta 
and its semilunar valves, leaving a considerable amount of tissue 
round about it. Place the funnel with the excised aorta in a filtor 
stand, and pour water into the funnel; much of it will esca[)e 
through the coronary arteries; ligature these. The semilunar 
valves are quite competent, z.e., they allow no fluid to escape 
between their segments. Hold a lighted candle under the valves, 
and observe through the water in the funnel how they come 
together and close the orifice ; observe also the triradiate lines, and 
the lunules in apposition projecting vertically. 

(g.) Slit open the P. A., and observe the form and arrangement 
of the semilunar valves. 

[T.S. Ventricles. — Make a transverse section through both 
ventricles, and compare the shape of the two cavities and the 
relative thickness of their respective walls. 

Casts of Heart. — Study two casts of the heart-ventricles (by 
Ludwig and Hesse), (i) in diastole', and (2) in systole. 

Effect of Ligature. — Ligature any large vessel attached to the 
heart ; one feels the sensation of something giving way when the 
ligature is tightened. Cut away the hgature, open the blood-vessel, 
and observe the rupture of the coats produced by the ligature.] 
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2. Illuminated Ox-Eeaxt (dad). 

This must be arranged previously hj tlie demonstrator. Two 
brass tubes with glaaa windows are tied, one into the left auricle (d) 
(7 era. diameter) and the other (r) into the aorta (5 cm. diameter). 
These are connected with a large reservoir (H), as shown in the 
iigure. The interior of the heart is illuminated hy a small elec- 
tric lamp {1} pushed in through the apes of the heart, and aerved 
by several small Grove cells. 
Into the apex is tied a brass 
tube, which is connected with 
a large india-rubber bag with 
thickwaUa(P). Fillthewhole 
with water. On compresaing 
the elastic bag, Buid is driven 
onwards, when the play of 
the valves can be beautifully 
studied. On relaxation, the 
mitral valves open and the 
aortic valves close. 

After each demonstration, 
remove the glass windows of 
the caiinuJte and the caout- 
chouc tubes, and preserve 
the heart in 10 p.o. chloral 
hydrate. 

3. The Stethoscope — 
Heart Sounds. 

(a.) Place the patient or 
1 fellow-atudent in a quiet 
, room, and let him stand 
I erect and es|)ose his chest. 
Feel for the cardiac impulse, 
apply the small end of the 
stethoBcope over this spot, and apply the ear to the opposite end of 
the instrument. The left band may be placed over the carotid or 
radial artery to feel tlie pulse in either of those arteries ; compare 
the time-relations of the pulse with what is heard over the cardiac 
impulse. 

(6,) Two sounds are heard — the Jirel or i^jgtoUc coincides with 
the impulse, and is foUowed by the second or d'ostolic. After this 
there is a pause, and the cycle again repeats itself. The first sound 
and deeper than the second, wliich is of shorter duration 
and sharper. 

(c.) Place the stethoscope over different parts of the prcecordia. 
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noting that the first sound is heard loudest at the apex heat, whilo 
the second la heard loudest at the second right costal cartilage at 
its junction with the atorniiin. 

4. Cardiograph. — Several forma of this instrument are i 
including those of Morey, B. Sanderson, and the pansphygmograph 
of Brondgeeat. Use any of them. 

(ffl.) Place the patient on hia back with his head supported o: 
I jiillow. Feel for the cardiac impulse between the fifth and si; 
t.ribs on the left side, and about half an inch ixiside the mammary 
I, line. 

(/'.) Arrange the cardiograph by connecting it (fig. 208) 1 
■ thick-walled india-rubber tubing to a recording Marey's twnhour 
c Adjusted to write on a drum (hg, 
I 150). It is well to have a valve 
a y-tube capable of being 
opened and closed between tlie 
receiving and recording tambours, 
in order to allow air to escape if 
the pressure be too great. 

(r.) Adjust the ivory knob of I 
the cardiograph (p) over the car- 
diac impulse where it is felt most, 
and take a tracing. Fix, varnish, 
and study the tracing or Cardio- 
gram, f 

FIB. K>8.— Marey'B Carflingnph. p 

5. Effect Of SwiOlowing on the ^r^^TaU'iK^'^XSS!,"^. 
Heart-Beats (Man), Tubeio oih.r taibour. 

With a watch in front of you, 
count the number of your own pulse-heats per minute, and then 
slowly sip 3 glass of water, stiU keeping your finger on the pulsa. 
Count tlie increase in the number of pnlse-beata during the 1 
successive acts of swallowii^. This is due to the inhibitory action 1 
of the vagus being set aside. 

6. BeSex Inhibition of the Heart (Sahbit). 

Place one hand over the chest of a rabbit and feel the beating of 
the heart. With the other hand suddenly close its nostrils, or 
bring a httle ammonia near the nostrils, so as to cause the animal 
to close them. Almost at once the heart is felt to cease beating ' 
for a time, hut it goes on again. 

7. Qoltz'B Tapping Experiment (Frog), 
[n.l Destroy the cerelirum and optic lobas of a. frog. Pin it 01 

plate, and eipoee its heurt, or attach the heart to a Gaskell'a lever. Expou 1 
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the iiitestinea and tap them *-va'il times with the handle of a. scslpcl The 
lieirt CBBses to beat for a ti-ue, being ttrreated lellexly The afferent 
U the Bfmpatbetio lioin Tbe abdomen, and tha eirorsnt the tagus 
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UEAHT-VALVES, 



AJJDITIOKAL EXERCISES. 



^^H 



8. Potfgrapli of EnoU and BoChe.— TLis is v. most convenient apparstun, 
both for work iu the laboratory and at the bedside. Moreover, it is bo 
arranged that two tracings can be to-ken Bimultaiieously. It is made hy 
U. Kotlie, Weiizelbad. i'la^ue. It cau be uaeil tu take uiniultaueuusly 



cardiac impulse and a (lulne ti'acing, or respiiatoiy movements and ■ [iqIm 
tracing, or two yatae tracinj^. 

Fig. 209 shows the arrangement of the apparatus. It ccnBiets of a dram 
IF) moved by clockwork within the bo» D. K is a catch for setting D in 




Kaoeivlng Twnbaar 



motion. M is a time-marker beating aeeonds. H, H are two Marey's 
registering tambours adjustable on the stand C. B is a tambonr which oan 
be fixed aver an artery or over the cardiao impnlse, while A is a bottla-shaped 
citontchonc bag which can be strapped ta the body tor studying the respiratory 
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(a.) Adjust the tamljour (B) over tba cardiac impulse, and fix the 
on the alxJontGii so as to record simultaneously tlie oirdiac impulse 
respirations (tig. 210). The experiiuenter uiay also take a tr»otJig of the 
eatdiao impulse while tlie reapiratiuii id ftnorili ■ L 




md the ^H 

the ^H 



Fake a traciug ol' tba radial pulse i ^ ,^|, 

I ehowH how the receirinR tambour is adjusted c 




the number and form of the pulse beata vary during inajjiration and eicpin- 
tion — the number being greater during inspiration. 

(1;.) Take B traniiig of the radial pulse and the cardiac impulse aimiUtaue- 
Oiuly(lig. 213), 
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^ 9. Meiocardia and Anxocardia (Ceradini). « 

(a.) Bend a glass tube about 20 mm. in dianifttei into a semicircle, with 
a' diameter of about 6-8 inches. Taper off one end in a gas-flame to fit a 
nostril, and draw out the other end of the tube to about the same size. 
Round of)' the edges of the glass in a gas-flame. 

(6.) Fill the tube with tobacco smoke, place one end of it in one nostiil, 
close the other nostril, cease to breathe, out keep the glottis open, Obsei've 
that the smoke is moved in the tube, passing out in a small puff during 
auzocardia, i,e,^ when the heart is largest; while it is drawn farther into 
the tube during meiocardia ^ i.«., when the heart is smallest. 

These movements, sometimes called the ''cardio-pneuiiifttio movements," 
are due to the variations of the size of the heart duiing its several phases of 
fulness altering the volume of air in the lungs. 
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PULSE— SPHYGMOGRAPHS—SPHYGMOSCOPB— 

PLBTHYSMOGRAPH. 

1. The Pulse. 

(a.) Feel the radial pulse of a fellow-student, count the number 
of beats per minute ; compare its characters with your own pulse, 
including its volume and compressibility. Observe how its charac- 
ters and frequency are altered by (1) muscular exercise; (2) a 
prolonged and sustained deep inspiration ; (3) prolonged expira- 
tion ; and (4) other conditions. 

(J).) Feel the radial pulse-beat and heart-beat (the latter ovei the 
cardiac impulse) simultaneously. Note that the former is not 
synchronous with the latter, the pulee-beat at the wrist occurring 
about ^ second after the heart-beat, i.^., the pulse-wave takes this 
time to travel from the heart to the radial artery. 

{(',) Listen to the heart-sounds at the same time that the radial 
])iilse is being felt. Note that the pulse is felt after the first sound 
about midway between the firet and second sounds. 

{t1,) By appropriate recording apparatus one can readily show 
that the pulse is not simultaheoiLs throughout the arterial system : 
thus the carotid precedes the femoral, &c. 

2. Sphygmograph.— Many forms of this iflgtrument are in use. 
Study the forms of Marey and Dudgeon. 

Marey's Sphygmograph (fig. 214) — Application of. 

{a.) Cause the patient to seat himself beside a low table, and 
place his forearm on the double-inclined plane (fig. 214), which, 
in the improved form of the instrument, is the Hd of the box so 



f 
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made as to form this plane. The fingers are to 

that the back of the wrist, resting on the plane, makes an angle 

of about 30° with the dorsal surface of the hand. 

(6.) Mark the position of the radial artery witli ink or an aniline 
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semiflexed, ao ^^M 
ikes an angle ^^H 




pencil. Wind up the clock (H), apply the ivory pad of the instru- 
ment exactly over the radial artery where it lieB on the radius, aud 
fls it to tlie arm by the non-elaat-ic ati-aps (K, K). The sphygmo- 
graph must be parallel to the radius, and the clockwork next the 
elbow. Cover the slide with enamelled paper, smoke it, fii it ia - 
position, and arrange the writing-style (C) to write upon the 
smoked surface (U) with the least po^ble friction. Regulate the 




rf Many'i Sphjgmoerftplir 



pressure upon the artery by means of the milled hea<l (L), Ae,, 
until the greatest amplitude of the lever is obtained. 

(<■.) Set the clockwork going, and take a tracing. Fix it, write 
the name, date, and pressure, and study the tracing (fig. 215). 
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3. Dudgeon's Sphygmograph (fig. ii6). 

Adjust the instniment on llie radial artery by means of an 
elastic atrap, carefully regulating the pressure — which can be gradu- 
ated from i-g ounces — by means of the milled head. Sisoka 
the band of paper, insert it between the rollers, and take a traoiog. 
Study the tracing (fig. 217). 




the Sphygmograpb. 



4. Ludwig'B Sphygmograph, ^Use this instrument (fig, zt8). 
It is not unlike a DudgRon'a sphygmograph, but there is a frame 
adapted to the ai'm, and an arrangement for keeping the arm steady 
while the hand grasps a handle for the purpose. 

By the device shown in fig. 2 19 the arm is kept quite steady 
and always in the same position. In fact, we find it most con- 
venient for taking tracings with either Dxidgeoa'a or Ludwig's 
sphygmograph. It has also been found most valuable for otini<»l 
work. It is made by Petzold of Leipzig. 
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S. Action of Amy] Mitrite. 

(li.) With the sphygmogr 

dropa — 'ui< more — of amyl n; 
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with a, wei!- marked dicrotic 

6. Gss Sphygmoscope (fig. i 

Coiinrat tlie inlet tube of the inslnunent with the gas Blipply , li^ht ths ] 
gas-flame (i). Apply the caoutohouc mambrane (a) oyer the radial artery, ' 
aud observe bow the Hame rises and &11b with each pulse-beat. Take a deep 
expiration, and observe the dicrotism in the gaa-flame. 



I 




7. Flethysmograph. 

plethynmographic tri 
pietou uf the ' 



9. Influence of the Bespimtion on the Pulse. 

(i.) Hiiller>e Experiment. —Close the mouth and nostrils and then make 
a Ibroed prolonged inspiratory elfort. Before doing so, ieel the pu]se, i 
Veep fesiing it. Note now the ceaaation of the pulsQ-beat. The inl 
thoracic vesEels are filled with blond, and the distended auricles are unable 
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RIGID AND ELASTIC TUBES — PULSE-WAVE — 
SCHEME OF THE CIECULATION-RHEOMBTEF. 



le 

1 



1. Rigid and Elastic lubeB.- 
U-tube or three-way tube, i cm. 
whose opposite end dips into & 



-To tlie vertical stem of a, gl 

in diameter, fix an elastic pump ' 

vessel of water. To the othM 
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slightly curved ends of the tuhe fix a glass tuhe, 90 cm. or thereby 
in length, and to the open end of the tube attach a small short 
piece of india-rubber tubing with a clamp over it. To the other 
limb attach an india-rubber tube of the same diameter and length 
as the glass tube, and fix a clamp over its outflow end. Pump 
water through the system. The pump may be compressed directly 
by the hand, or it may be placed between? the two blades of a 
"lemon-squeezer*" and the extent of the excursion of the latter 
regulated by a screw. 

(a.) Eigid Tube. — Clamp off the elastic tube near the U -piece. 
Work the pump about forty beats per minute, and force water into 
the glass tube. The water flows out in jets in an intermittent 
stream corresponding to each beat. Gradually clamp the outflow 
tube, and keep pumping ; the water still flows out in an intermit- 
tent stream, and no amount of diminution of the outflow orifice 
will convert it into a continuous stream ; as much water flows out 
as is forced in. All that happens is, that less flows out, and, of 
course, less enters the tube. Instead of the clamp at the outflow, 
a tube drawn to a fine point may be inserted. 

(h,) Elastic Tube.— Clamp off the glass tube near the U -piece, 
and unclamp the flexible one so as to have no resistance at its out- 
flow end. Work the pump ; the outflow takes place in jets cor- 
responding to each beat of the pump. Pump as rapidly as possible 
and the outflow stream will still be intermittent. While pumping, 
gradually clamp the tube at its outflow so as to introduce resistance 
there — to represent the resistance in the small arterioles — and when 
there is sufficient resistance at the outflow, the stream becomes a 
uniform and continv/fus one. Feel the tube; with each beat a 
pulse-beat is felt. The resistance at the periphery brings the 
elasticity of the tube into play between the beats, and thus con- 
verts the interrupted into a uniform flow. This apparatus serves 
also to demonstrate why there is no pulse in the capillaries, and 
under what circumstances a pulse is propagated into the capillaries 
and veins. 

2. Velocity of the Pulse-Wave. 

(ff.) Take 3 metres of india-rubber tubing 6 mm. in diameter. To one end 
of the tube attach the ball of a Higginson's syringe (elastic pump) to imitate 
the heart, while the other end of the tube is left open, with a clamp lightly 
fixed on it. Arrange to pump water through the tube. Arrange two light 
levers on one stand, and place a pai*t of the tube near the pump under the 
lower lever, and resting on a suitable su])port, while part of the tube near 
the outflow end is similarly arranged under the up{)er lever. Regulate the 
pressure of the lever upon the tube by means of leaa weights. 

(6.) Arrange on the same stand a Despretz's chronograph to record the 
vibrations of an electro-tuning-fork (30 or 50 D.V. per second), with the 
writing points of the two levers and chronograph writing upon the drum in 
the same vertical line. 
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(c) Set the tuning-fork vibrating allow the drum to move, compress the 
elastic pump interruptedlT--to imitate the action of the heart — and propel 
water through the tube. The compression may be done by means of a lemon- 
squeezer, the extent of the excursion being regulated by a screw, and, to 
secure regularity, arrange the number of pulsations to the beatine of a 
metronome. On doing so, as one pumps in water, the tube distends and 
raises the lever ; in the interval between the beats, as the water flows out 
at the other end, the tube becomes smaller, and the levers &11. Feel the 
tube ; with each contraction of the pump, a beat — ^the pulse-beat — can be 
felt 

{d,) Fix and study the tracing. The tracing due to the rise of the lever 
next the pump begins sooner, and is higher than the one from the lever near 
the outflow. Make two ordinates to intersect the three tracings, one where 
the lower pulse-curve rises from the abscissa, and the other where the upper 
curve begins. Count the number of D.V. of the tuning-fork between these 
lines. Measure the length of the tube between the two levers, and from 
these data it is easy to calculate the velocity of the pulse-wave in feet per 
second. 

3. Scheme of the Circulation. — Use either Rutherford's scheme 
or the major schema. In the latter, the heart is represented by 
an elastic pump (Higginson's syringe), the arteries hy long elastic 
tuhes dividing into four smaller tubes with clamps on them; two 
of the tubes leading into tubes filled with sponge to represent the 
capillaries. The capillaries lead into a tube with thinner walls 
representing the veins. This inflow tuhe into the heart and the 
outflow tube at the vein are placed in a basin of water, and the 
whole system is filled with water. 

(fi,) Use two mercury manometers, connect one with the arterial, 
and the other with the venous tube. Adjust a float on each, and 
cause the wnting points of the two floats to write exactly one 
below the other in the same vertical line on a drum. 

(6.) Unclamp all the arteries, and work the pump, regulating 
the number of beats by means of a metronome beating thirty per 
minute, and compress the heart to the same extent each time with 
a lemon-squeezer. Both manometers will oscillate nearly to the 
same extent with each beat. Take a tracing on a slow-moving 
drum. 

(c.) Gradually clamp the arteries to offer resistance, and con- 
tinue to pump ; the pressure in the arterial manometer will rise 
more and more with each beat until it reaches a mean level with 
a sHght oscillation with each beat. The pressure in the venous 
manometer rises much less, and the oscillations are very slight or 
absent. 

(d.) While the mean arterial pressure is high, cease piunping; 
this will represent the arrest of the heart's action, brought about 
by stimulation of the peripheral end of the vagus; the arterial 
blood-pressure falls rapidly. 
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(e.) Bngin pumping again until the mean arterial pressure is 
restored, and then unolaiiip gradually the small arteries. The 
steady fall of the blood-preasure represents the fall obtained when 
the central end of the depressor uerve is stimulated (the vagi 
being divided). 

(/.) Two sphygmographa may be adjusted on the arterial tube, 
one near the heart and the other near Che capillaries, tracings 
heing taken and compared. 



ADDITIONAL EXERCISES. 

i. Higid and ElBadc Tubes. —Arrange an eiperiment as shown in fig. a 
The flask should at least hold a litre, and he arranged as a MarrioCte'a flafk. 
The tubea — ono of glass and the other of caoutchouo — have the same diameter, 
and the outflow orifices are of the same size. The glass tube is attached by a 
^hort elastic tube to the lead tube (»>ining Irom the reseiToir. Ab the fluid 




flows into the tubes, they are compressed rhythraioally to imitate the inter- 
rupted beat or the heart. Observe that more fluid is disohsrged bj the elaatio 
than by the rigid tube. 

S. The Bheometer {&^. 222) is used to measure the amount of blood 
flowing throngh a vesael m a given time, and, therefore, the diameter of tho 
vessel being known, to estimate the velocity or rate of blood-flow throu^ ui 
artery. The nozzles of the instrument are inserted and tied into the Brtm^ 
aFan animal, but as the student is not permitted to do this, use an IntUik- 
rubber tube to re^iresent the artery. 
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ind close the toi> of the 



(a.) To reprsaent the heart— or the weight of s, column ol flaid— arrange 
a Marriotte'e flask or funnel on a stand, ai^d to the outHow tubs attach a 
□siraw iarlia-rubber tube, and clamp it after filHng it with normal salina 
(to represent delibrinatod blood). Fill one bulb of the inatnlmBnt with 
dafihrinaffld blood, the other with almond oil, i 
instrument with a glass plug. 

{b.) Suppose the tube to represent an eijwscd 
artery ; alMUt the middle of tlie tube apply two 
ligatures about an inch apart {or two clainps). 
Divide the jKirt of the tube included between the 
two ligatures, and tie into cither end the nozzles 
provicftd witli the inatniment. Call the one 
next the rosei-voir or heart A, and the other on i 
t. Fix the bistrumeut into the oozzleB, the 
bulb A being tilled with oil and in connection 
with ft, B with defibrinated blood and connected 
with i. The inatrnment is lixed in position by a 
aupiiort provided with it, while a baiidie which 
lita into two tube-socketa on the upper surface of 
the diso (e, e,) ia used to rotate the one diac on 
the other. 

(a.) All being now ready, take the clamp oil 
the reaervoir of blood and the clampa or ligatuies 
olFthe artery. The defibrinated blood flows inUi 
the bulb A, displaces the ail in it towards B, 
the dehbrinated blood of B being farced out into 
the artery and caught in a suitable resseL Of 
course, in the animal this blood aimply passes ' 
into the artery. As soon as the bulb A. is hlled 
with blood, which is indicated by a mark on 
the glass, the dtac ia auddcnly rotated by the 
hand, whereby B communicates with h, and A 
Itith k. The bliKjd now flows into B, displacing 
the oil in it into A, and as soon as this takes 
place, the diac ia again rotated. This process ia 
repeated aeveral times. Count the number. The 
bulbs have the same capacity and are exactly 

calibrated. 

The time is most conveniently measured by 

connecting the rheometer with an electro-niBKiiet 

regiatei'ing an a drum each i-otation of the disc, 

and under this a time •marker records aoconds. 
Eiample. — Suiipose each bulb holds 5 cc., and 

HUp|«)ae the bulbs to be iillod ten times with 

blood during 100 seconds, i.e., 50 ctm. flowed 

from the tube in 1 second. SupfHtso the iliameter 

of the tube to be 2 mm. (i.e., radius — 1 mm.), 

this would givD a sectional area of 3. 14 mm. 
The velocity (V) is calculated by the ratio of 

therinantity discharged IQ) to the sectional area {S'„ —-, — . , 

---''— 'n unit of time -§■ area of that aection. Henoe — 

thing, 500 cmm., are discharged in one second] 
— - 159 mm., or about six inches per ieconil. 




flowing u 



., thequantity of Hnid 



tberefbre the velocity ie — 
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6. To familiarise himself with this calculstion, the student would do well 
to estimate the amount of water discharged from a tuba of known diameter. 
Let the tuba be attached to a litre botSe arranged aa a Msiriotta's Hask. 
EtitiiDate thfl amount of fluid discharged in a given time, uud from this 
calculate the velocity of the How in the tul>e. 
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1. Blood-Presflure in the CapillarieB, 

(rr.) Make the foUowing apparatus (fig. 223), consisting of a diflc 
of glass, 3 cm. long, 3 to 4 mm. broad, and i mm. thick, and on ite 
under surface fix with cement a giasa plate (a), with a surfaca of 
5 mm. square. Two threads supporting a paper scale-pan are 
attached to the glass disc. Arrange the glass plate (a) over the 
skin on the dorsal surface of the middle finger, just at the root of 
the naiL Add weights to the scale-pan until the skin becomes pale. 
Note the weight necessary to bring thia about, but observe that the 
skia does not become pale all at once. 

(&.) Teat how altering the position of the hand affects the pressure 
in the capillaries. 

2. Destroy the brain of a frog. Very slightly curarise it. ' 
Examine microscopically the circulation in the web of its foot and 
in its mesenteric vessels. 

Apply a drop of crotoii oil or mustard for a minute or less, . 
Observe the inflammation thereby produced, and the changes in 
the appearance of the blood-vessels and the blood-flow, until the 
latter is finally arrested in a condition of stasis, and exudation takea 
pkc. 

3. Posterior Lymph-Hearts. 

(a.) Destroy tlie brain of a frog, place it on its belly, and watch ] 
the beating of the posterior pair of lyraph-hearta, which are 
situated one on each side of the uroatyle in the triangle between 
coccygeo-iliacuB (i'c), gluteus ((/!), origin of the vastus externus (ve) 
and pyramidalis (;>) miiscies (fig. 224). 

(4.) Remove the skin covering them, taking care not to cut too 
far outwards, else a cutaneous vein will be injured and bleed freely. 
Count the number of beats per minute, noting that the rhythm ia 
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not synchronoua with the blood-heart, whose movements can 
usually be distiuguiBhed without opening the chest. 

(c) Desttoy the posterior part of the spinal cord with a seekei 
or wire, and observe that the rhythmical automatic movements of 
the lymph-hearts ceaae. 

4. EBtimatioD of tbe Slood-Fressure by Lndwig's Eymt^rapb. 

— As students are not permitted to perform experiments upon hve 
animals, the most they can do in this experiment is to arrange the 
necessary apparatus as for an experiment, and to make the necessary 
dissection on a dead animal. 




— Arpantn* 
ntti by V. Krtta 
for Eitlnutiiig the 
CaplllBiy filood- 




pTMitire. 



A. (>i.) Amnge the reconling appuatos lor a continuouB tracing. The 
clockwork in wound up, and the drum is bo adjusted that, when it moves, it 
unwinds the continuous white paper from a brass bobbin placed near it. 
Arrange a timB-Diarker connected with a clock, provided with an electric 
interrupter, to mark .secoDds at tho lower ]«rt of the paper. It is usual to 
iiae a pen-writer charged with a solution of aniline (red or blue), to which a 
little glycerin is added to make it flow freely. 

(b.) Partially till the manometer with dr; clean mercury, and in the open 
limb of the manometer place the Hoat, provided with a pen or sable brush 
moisteued with aniline mk containing a little glycerin. See that the float 
rests on the convex surface of the mercury {tig. 225). 

(r.) The closed or proiimal side of the manometer at its upper part is like 
a T-tube, the stem of which is connected by thick india-rubber tubing to a 
piece of flexible lead tubing ; on the tree end of the latter is tied a glass 
cannula of considerable size, and over the india-rubber tubing connecting 
the cannula with the lead tube is placed a damp. The proximal end of tlw 
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a saturated aolation of sodium 
carbonate as high aa the stem i>f the T j leee To it 13 attachnl a long iu 
rufaber tube, which is connected with a ] reEBure bottle hlled nith a satnTatpd 
solution orsodiuoi csi'honate, and ke]>t in position ly a cord pnasi 
)iu11bj fixed in the roof. A clamp compresses tie indiarulber tube jnst ' 
above the niitnoiueter. Opeu this rlainp and alau the 01 <> at the end of tlie 
lead ijipa. The alkaline solution titia the whole syateni and alt^ 
BO and nc air hubbUa ar 
cl ie the clsinp at the end of the 
lead tube and then the one on Uii 
1 reasu re bottle tubL It la well ti 
haie an inch or mure of positivi 
pressure in the maoometer. Sea 
that the writing style writes smooth- 
ly on the paper and thst it is kept 
in contact with tl e latter bv > silk 
thread lUth a ahot attacl 
?nd 
Ixisert the Cnnnuli^ — ('(')'■ 







3, scalpels, 



".). 



.f, (CO 

w U d ligatures, smftllal 

eedl bull-dog force]>s, oannolle, 
po gea 
(i ] M k the necDssary dlBaection < 
dead abbit. Fii the rabbit 1 
C rniak'a holder, aa would ba'l 
d t th nimol ware aliTB. Clip I 

J tl vairofseiasorBthahB'- ^ 
I eck, and with a moi 
[ a m ten the skin to prevent 
J loo hair from flying about. 
P h [ theskin ononeaideofthe 

m, b tween the left thumb and , 
1 G g and divide it with a I 
1 p sc Ipel. Thia exposes tha"! 
r 3C h li is then tern through ■ 
tl f ps ; draw the sterno-J 
maatoid aside, and gently separatojl 
the muscles with a "Beefeer" uii"' 
I the carotid, aocomiianied by 1 
vagus, depressor, and symjiathetie-V 
nerrea is seen. The dissectiou it. 
made below the level ol the larynx. , 
Lying juat external to the caTatJd 
j: the carotid, under it, and internal to the vagns, 
ure svvu iwo nne nerves; the more internal and liner one is the depnsMt 
or superior cardiac branch ol the vagus {6g. 2z6), the other iathe aympatlietk^ 1 
Note that the smallest of the three nerveB is the deprasBor, which is BaaQy 
isolated from the sympathetic b^ means ol a seeker. If in doubt, tncB.i 
the sympathetic upwards until it merges into the large swelling of tlM J 
EUjienor cervical sympathetic gangliim. The depressor should be tied lor 
down in the neck and divided below the ligature, as if for an experiiaent 1N[ 
its function. It is an afferent nerve, and therefore its central end rouil h 
stimulated. 









s the vagus. After ri 
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Tlie v&gus should also be isolatud and ligAtured nt 
well to use shielded electrodea. aach as arE aliown ir: 
tied and divided, and irita perijiheral 
end is to be stimulated, the peri- 
pheral «iid is drawn through the 
aliielded electrodes, which are then 
connected with the aeeotidary coil of 
an induction machine. To complete 
Che arrangements, an induction 
macLine ought to be set up. 

(c.) Open the sheath, aad with the 
seeker carerully isolate about an iuch 
or the carotid. Pass a ligature under 
the artery by means ofa rnie aneurism 
needle, withdraw the needle, and 
ligature the artery. About an inch 
'in the cardiac aide of the latter, 
olamp the artery with bu!i-dog 
foixieps. Baising the artery slightly 
by the ligature, with a fine-pointed 
I>air of soissora make an oblique 
y-shajied slit in the artery, and into 
it introduce a suitable glaaa cannula 
with a short piece of india-rubber 
tubing tied on to it Place another 
ligature round the artery, and tie it 
round the artery ana over the 
shoulder of the caniiula. The poict 
of the cannula is of course directed ipjo. 

towards the heart. Fil! the cannula a. Sympathetic ; J. HypoglOBMil, ' 

with the soda solution, and into the '}' n^'^i^*'? ^"^""t^ilTTitT^i 
cannula slip the glass noiale at the ,; y"™ wllh/,"u .up^riur lai^bi^ 

end of the lead ]>ipe, tying it in brant:b ^Jr and h. The origlni nl tlie aape- 

seourely. Unscrew the olsmn at the rtor cardino or depresaor niirvB. 

end of the elastic tubing. Set the 

clockwork going ; if one were operating on a living animal, the next tiling to 
would be to remove the clamp or forcegm between the cannula in the 




would begiu U 



uitery and the heart. At once the ) 
its o^iillations on the paper moving in 
front of it. 

[d.) Before joining the lead tube ta 
the cannula, isolate the vagus, the 
largest of the three nerves ; put a liga- 
ture round it, and divide it ahove the . 
ligature. Isolate also the depressor ^-*iiJ'^^ 
nerve, put a ligature round it low dawn 
in the neck, and divide it between the 
ligature and the heart. The latter ia 
easily dlstin^ished from tile sympa- 
thetic, as it IS the smallest of the three y,^ 157— Forma of Shielded Eleotrodi 
nerves accompanying the carotid. In I'lrHiimulattugtlifl VagoinraDeepli 

the dead rabbit the depresaor may be seated (iene. 

traced up to its origin by two hranehea, 

one from the vagus, and the other fr-om the superior laryn([ea,l (fig. 2z6; 
Moreover, if the sympathetic be traced upwards, a ganglion will be found 
it. This is merely to be regarded as an exercise for practice. 
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{c, ) In every cioe a, base line or line ol no jireaa 
contLnuoUB psjier. This indicates the *.bsoisu, o) 
name height in the two limbs of the tnanometer. 

(/'.) HeaBure a Blood-PreBSure Tracing. — Lay the tracing o 
table. Take a right-angled triangle made of glass or wood, and 
place one of the sides bounding its tight angle upon the abacieea, 
the other side at riglit angles to this has engraved on it a millimetre 
scale. Or use a millimetre scale as in fig. aaS. Kejid off the height 
in millimetres from the base line to the lowesjt point i 




and also to its highest point ; take the meati of the two, and 
imiJlijilij liij ttoo, this will give the mean fir/p.rial pressure. Instead 
of measuring only two ordinates, measure several, and take the 
mean of tlie number of measurenients. In all cases the result has 
to be multiplied by two. 

(g.) Measure the blood- pressure tracing (fig. 229) of the carotid 
of a dog from the base line T. It represents the effect of stimuia- 
tion of the vagus, and the arrest of the heart-beat, and the con- 
sequent great fall of tlie blood-pressure. 



I 
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(/',) In every kymograph tracing, notice the smaller undulationa 
due, each one, to a single beat of the heart, and the larger ones due 
to the respiratory movementa (fig, 229). In a blood- presaure trac- 
ing taken from a dog with the vagi not divided, observe that the 
Nize of the heart-beats on the descent of the respiratory wave i 
greater, while the nnmber of beata is less tlian on the ascent. 
(i.) Study blood-preaaure tracings obtained by stimulation of 
(i.) The peripheral end of the vagus {fig. 229). 
(ii.) The central end of the depressor, 
(iii.) The centra! end of a sensory nerve. 




8. atQ.—B.P, Blooa-prau 
theiDdeuClnthelliie 



6. Hftke a Olaaa Caimnla.— Heat in. the flauie uf a blowpipo a piece of hard 
glass tnbiug about 5 mm. in diametpi, Wheti it is soft, take it out of Cbe 
ttame, draw it out gently for about 3 am. Alloir it to coot ; make the gas-jet 
smaller, heat the thin drawn-out part of the tube, and draw it out very atightly. 
Tbia makes a shoulder. With a triacgular file just scratch the narrow part 
obliquely beyond the second constricted part, and break tt oIT. A oaonula 
with a ahoolder and an oblique narrow orifice ia thna obtained. Kound off the 
oblique edges either by a file, rubbing tliem on a whetstone, or heating slightly 
in a gas-dame. Tie a piece of india-rubber on the other end, and the cannula 
i.q complete. Instead of a straight glass cannula with a shouldsr, the form 
shown in fig. 230 may be used. It baa n lateral tube, which is closwl by means 
of a caoutchouc tube, and la useful in this respect, that the large bulb prevents 
clotting of the blooii, while if clotting does occur, the clot can readily be 
WBsliBa out by means of the pre^ure bottle through the lateral tube. 
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lust killed. Exjwse the vagus rapidly, open the chest and observe the heart 
beating, or thrust a long needle through the uno|)ened chest in the heart, then 

on stimulating the peripheral 
end of the vagus with an inter- 
rupted current the movements 
of the heart are arrested for a 
short time — the heart itself 
being in diastole. 

7. Effect of Swallowing on 
the Heart (p. 312). 

8. B. P. in Man v, Basch's 
Sphygmomanometer. — This 
consists of a brass capsule 
covered on its open end with 
sheets of caoutchouc, and con- 
nected by means of a tube 
with a manometer constructed 

Fig. 230— Improved Form of Arterial Cannula, by on the principle of an aneroid 
Fraucois-Frank. A is tied Into tlie artery ; B is barometer. It is best to 
attached to the lead tube of the manometer; „,,,,i„ ;a. x^ ^.u^ o, ,».«..«/»; oi 
and C, the lateral tube, is closed with an elastic aPP^Y \*^ ^ ^^^ superficial 
(clamped) tube. temporal artery, as there is a 

bony support behind tliat. 

One compresses the artery until the pulse beyond is obliterated, and then 

reads off directly the pressure required to do this. 




LESSON LXIV. 

PERFUSION THROUGH BLOOD-VESSELS. 

Perfusion through Blood-Vessels. — By perfusing fluids through 
the blood-vessels of the body as a whole, or by perfusing blood 
or other fluids through isolated " surviving " organs, much may be 
learned regarding the action of drugs and other conditions on 
the blood-vessels. The blood-vessels of the frog and tortoise, the 
excised kidney, and other organs have been used for this purpose. 

Perfusion through Blood-Vessels of Frog. 

(a.) Pith a frog, expose its heart, snip one aorta, and allow the 
blood to flow out. Previously a fine glass cannula with a shoulder 
on it must have been prepared. Tie the cannula into one aorta, 
and let the ligature also include the other aorta. 

(ft.) Attach the cannula to an india-rubber tube containing normal 
saline and connected with a glass funnel filled with normal saline 
and held in a suitable holder, e.ff.f a ring on a retort stand, placed 
about 6-7 inches above the heart. See that there is no air in the 
connections, and that the cannula is filled with normal saline by 
means of a fine pipette before it is connected up with the pressure 
tube Put a clip on the pressure tube, 
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(c.) Make a snip in the sinus venosus or ven» cavje to let the 
fluid run out. Hang up the frog on a suitable holder. Take the 
clip ofF the pressure tube, allow the normal saline, or Ringer's fluid, 
to run into the blood-vessels and to wash out all the blood, until 
the saline runs clear from the veins. Collect the outflow in a 
funnel which is placed in a graduated measure. 

{/f.) After the Ringer's fluid runs clear, collect, measure, and 
record the amount, when it ia constant, every five minutes. 

(e.) ^substitute normal saline or Ringer's fluid, to which some 
drug has been added, and perfuse it. Kote the effect. If there is 
an increased outflow, the blood-vessels, chiefly the arterioles, have 
been dilated. If less, they have been contracted. Record the 
results, and if necessary make a chart to show the result. 

The wat«r-tortoise ia a very convenient aaimal to use, the perfusion cannula 
being fixed in the third or fourth aorta, the othen being tied. It is con. 
veniently placed in a glass funnel when perfueioii is being carried an. 

In tbe Frog, after a time, there ia considerable cpdema of the lymiih-aais. 

It is most im|ioitant that the student should ke«y notes of hta reaultx. From 
the results obtained, plot a curve on paper divided into squares. Hake th^base 
line repreaent time, and the vertical lines, or ordinates, the amount ol outflow. 

Some substances greatly contract the blood-vessels, e.g., very 

dilute nitric acid, and extract of the suprarenal capsules. The 

latter is specially powerful in constricting the arterioles. (Schafer 

4' Oliver.) Others dilalr the vessels, especially the nitrites, y^his- 

PEBruBioN Experiments. 



Wat=l-To 


Uite. Mnidbeen 


WalBt-To 


■tois. 


. Fluid baeu 


Frog. Fluid been 


runnin 




running 60' 




ruuuilTg ^'^j^^»"™. 




7 iuchei. 




In 


Lei. 




TiniB. 


^'Z7l"il'"- 


Ttme. 


A 


■sr/nir 


T'»«- -^Twlnl?."' 






V-S \3.0 




'i 




'■y 3 ■♦■Ol^ 














































Z ,5 J S 3 








ii 




i:^ 


s m 




i:n 


Z 


^ 


3.15 ■njirarenal Htnul.< 














.:4o 


: i', s 




53S 


z 


I 




3-3° = ;-°^j 


!ts 


: lib 


i 


1 


I 


h 


^ 


1 MaJe bj Ueian 














s 


Willows, Fnuicdi a 














1 


Butler, cheml.ti, Hol- 






t 








boni, London. 






s 


4"S 

4.30 


: 


"r 


1 










4^0 


= 


*', 


JL 










t" 


i 


1 





PRACTICAL PHYSIOLOGY. 



PHYSIOLOGY or RESPIRATION. 



LKSSON LXV. 

MOVEMENTS OF THE CHEST "WALL - 

TICITY OF LUNGS— HYDROSTATIC TEST. 

1, Movemeiits of the Chest Walla — Stethograph. 

A Rabbit. — (a.) Arrange a drum and time-marker. Fix a rabbit 
eonvoiiiently, e.g., on Czermak's rabbit-h older, r,r use the simpler 
form of Malaaaez or Steinach, and -with tapua tie on its chest Maroy's 
double tambour (fig. 231), connecting the latter with a recording 




tambour adjusted to write on the drum. Introduce between the 
receiving and recording tambours either the valve usually supphed 
with Marey's apparatus or a T-tube with a screw clamp, whereby 
the pressure within the system of tubes can be regulated. Take 
B tracing. If one of the receiving tumbours be placed over I' 
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cardiac impulse, the tracing will show alao the number of beata of 
the heart (tig, 232). 

B. iUn. —{//.) StetlM^raph {Marey'i).—Came> a person to 
cxpoae his r.hept. Raise tlie screw {•/) of the stethograph, and Hx 



^3^.— Stelhncrapl' Ti 

the plate (/) of the inEtrument on the exposed cliest, with tapes 
attached to c and d. Pepreaa g, connect the tube (a) with a 
rerording tambour, with the same precautiona as in 1, A,, and 
take a tracing (fig. 234). E;i(aniine the tracing, noting the relation 
between inspiration and expiration. 
- (fi.) Polygraph [RotUe). — Use the polygraph of Rothe, record 
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ibber bag such aa is used with a apray- 
miga. Cease to pump air into the lungs, ] 



cannula attach an india-r 
producer, and inflate tlie I 
and olwerte how t)iey collapse. 

3. Hydrostatic Test. 
Cut out the htugs aud the heart. Place tlieni in a vessel 

of water. The whole will float, as tlip lunga contain so much air. 
Cut off a small pieue of one lung, throw it into water, it floats. 
This is the hydrostatic t«8t. Compare a piece of pneumonic lung ; 
the latter sinks. 

4, Apnoea. — Count the nurabei of your own respirations per 
minute. Take a series of rapid inspirations. ^Note that several 
seconds elapse before the next iiisoiration. This is the period of 



"hold your breath." 



5. Deglutition Apnoea. 

(n.) Test how long you ca 

(''.) After a time, sip water without breatliing, and note that, 
under this condition, the time tlie breath can be held is nearly 
doubled. The successive acts of deglutition influence the respira- 
tory centre in the medulla oblongata, aa well as the cardio-inhibitory 
centre {Kronecker). The latter is referred to at p. 31a. Other 
centres are influenced by sipping. 



\ 




6. Voluntary BeEpirati 

be kept up. As a r ' 
minutea. 

7. Stethometer of BurdoD-Sanderaon. 
(ii.) Prepare n drum and time -marker as \a the previi 

Cause a jieraoii to expose his chest, and Beat liimsell'couvenieii 
ment ia suejiended by u broad band pUoed raund the neck, tlia horiiontal bar J 
being behind the body. j 

(A,) The most ImiioTtaDt diameters of the ohest to meuure are— "ThoM J 
ooDnecting the eighth rib in the oiillttry line with the si 
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site side, the mauubriuin stern i with the third dorsal spine, the lower end of 
the sternum with the eighth dorsal spine, and the ensiform cartilage with the 
tenth dorsal spine." Measure only the first. Adjust the knob of the tambour 
on one side against the eighth rib, as above, while the movable bar with its 
knob is placed against the opposite corresponding rib. Connect the tambour 
with the recording tambour, introducing a j -piece, the stem of which is 
provided with an india rubber bag and screw clamp to regulate the pressure 
within the air-system. 

8. Intra-Thoracic Preasure.— For practice this can be done on a dead 
rabbit. 

(a. ) Fix the dead rabbit in Czermak's rabbit-holder. Expose the trachea, 
tie into it a knee-shaped glass cannula. Make a small water-manometer or 
bent U-tube with a millimetre scale attached, fill it about half full with 
coloured water, and to the proximal limb attach an india-rubber tube with a 
T-piece and screw clamp, as in other experiments. Connect the tracheal 
cannula with the manometer tube, tighten the screw clam]), and see that the 
water stands at the same level in both limbs ot the manometer. 

{b.) Open both pleurae without injuring the lungs. The lungs collapse and 
the water is depressed in the proximal side of the manometer, and lises in the 
open limb. 

9. Bespiratory MovementB of Frog. — In the frog the air is forced into the 

lungs. 

(a.) Obsei*ve rhythmical movements of the muscles of the floor of the mouth 
and of the muscles attached to the hyoid bone, the cavity of the mouth is 
thus diminished. Coincident with these are 

{b. ) Movements resulting in closure of the external nares, and thus the air 
is forced into the lungs. At the same time, the glottis is o{)ened, but the 
mouth must be opened to see this. 

(c. ) The act of expiration is performed by movements of the muscles of the 
flanks compressing the visceral contents. 
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VITAL CAPACITY — EXPIRED AIR — PLEURAL 
PRESSURE— GASES OF BLOOD AND AIR. 

1. Vital Capacity. — Estimate this on Hutchinson's spirometer, 
Ke.y take the deepest possible inspiration, and then make the deepest 
possible expiration, expiring into the mouthpiece of the spirometer. 
The average vital capacity is about 3700 cc. (230 cubic inches), but 
it varies with age, height, sex, and practice in using the instru- 
ment, &c. 

2. Changes in Expired Air. 

(a.) Black's Experiment. — Place equal quantities of lime-water 
in two vessels (A and B). Take a deep breath, close the nostrils, 
and expire through a bent glass tube into A. The lime-water soon 
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becomes milky, owing to the large amount of carbonic acid expired 
combining with the lime to form carbonate of lime. With the 
elastic pump of a spray-producer pump the air of the room through 
B. B remains clear and does not become turbid. Therefore the 
carbonic acid must have been added to the inspired air in the 
respiratory organs. 

(6.) MfiUer'8 Valves. — Arrange two flasks (A and B) and tnbes as in fig. 235 
with some lime-water in both. Close the nostrils, apply the mouth to the 
tube, and inspire. The air passes in through A, and is freed of any CO2 it 

may contain. Elxpire, and the air 
^oes out through B, in which the 
lime-water becomes turbid. 

(c.) Heywood's Experiment — 
Place about two litres of water 
in a basin, and in it put erect 
a bell • jar. Ascertain that a 
lighted taper bums in the jar. 
Renew the air, place in the neck 
of the jar a glass tube with 
a piece of india-rubber tubing 
attached. Close the nostrils, apply 
the mouth to the tube, and inspire. 
The water rises in the belljar. Then expire, the water sinks, and the air 
which was originally present above the water has been taken into and 
ex|)elled again from the respiratory ])assages. Remove the cork, and place 
a lighted taper in the expired air. The taper is extinguished (fig. 236). 

3. Swallowing. — Test on yourself how rapidly (few seconds) 
you can swallow a large glass of water. In swallowing liquids, the 
liquid is projected through the pharynx and oesophagus right into 
the stomach chiefly by the contraction of the mylohyoid muscles in 
the floor of the mouth (Kronecker and Meltzer), 




Fio. 235.— Mtiller'B Valves. 



ADDITIONAL EXERCISES. 

i. Pressnre within the Pleura. — Fix one end of a caoutchouc tube to a 
water-manometer (water coloured red), and the other end to a trocar and 
cannula. Thrust the trocar obliquely through an intercostal space until the 
{>oint of the trocar lies in the space between the two layers of the pleura. 
Observe how the level of the water rises in the proximal limb of the mano- 
meter, indicating the negative pressure in the pleural cavity. 

5. Blood Gases. — Blood yields about sixty volumes per cent, of gases to a 
vacuum. The gases in the blood — OOj, 0, and N — are extracted from it by 
means of a gas-pump. Various forms have been constructed, including those 
of Ludwig, Pfliiger, and Alvergniat. Study these various forms and the 
principle of their construction. It requires a considerable amount of time to 
become thoroughly acquainted with the practical working of these instruments, 
but this is not necessary from a student's point of view. 
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('r. ) Su|ip09e tlie gases of the lilood to be extl'aot«il ; tliey are collected in a 
eudiometer over merourj ifig. 237]. Or, for practice, anii merely to gi'aBp the 
principle how tlie relative proportion of the gases in b. mistura u ascertained, 
the atudent may u«e air containiog a aniaill qiuutitj of carbon dioxide. 

(b. ) Sau B ball of potash od the end of platinum wire (beat done in a ballet- 
mould). Introduce this under the mercur; into thegaaea iu the eudiometer. 
The caustic jiotasli absorbs at) tbi> CO, (tweuty-four bom's), aud the dimioution 
in volume represents the proportion of OO, in tiie mixture 

(n.) With a ourved pipBtta introduce a nolution of jiyrogallio acid into the 
eudiometer coataining the remainder of the gaaea ; this unites with the potash 
to Ibrm pjrQgallate of potash, which rapidly absorba the oxyi^u. The decrease 
in volume represents the niiiuunt ol O. The remainder of the gas present 
rep resell ts N. 




UieCO,. 



There are other metboda of estimating the proportion of tlie gases, but this 
simjite experiment is sufficient to explain the general principle on which such 
estinitttiona are made. Of course there are oorreotions for temperature and 
pressure, and other precautions whioli require to be taken, but we do not enter 
into these here. (See Apjieiidix.) 

lefirnnolgsa-nump has been devised by L. Eili{Jinim, n/"?A;vs.,iviL 
IB of which results of sufficient accuracy are obtained Irina 10 



limple fi) 
..3'-hyn 
of blood. 



6. Analyaia of Eiplrod Air by Hempet's Method.' 

A burette, A {Rg. 23S), containing loo cd and gradnnti-d into tenths of 
a CO., is used to meftsuro the expired air. It communicates below hy meana 
of an india-rubber tube with the morable tube or reservoir for water, B. 
Above, A is oonnected to an absorption pipette hv means of a short india- 
rubber tube of 1-2 mm. diameter wiLli thick wnlla. and provided with a 
Mohr'a clip. The tube, n, la i.laueil lu oouuection successively with the 
pipettes, IKC, -whioh contain a solution of eanatic potash to absorb the COj 
and fig. 239, which contains sticks of red phosphorus iu water to absorb the O. 

' Method* qf Ooi Analyaia, by W, Hempel. London, 1S92, 
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SuppoM the cu to be collected ia A ; metuare its Amoant when B Is so 
placed that the level of the acidulated water is equal in both. ' 

RemoTB the Hohr'a clip trom a, raise B. and force all the air into p. Then 
lower B, and vithdraw nnabsorbed air ti-om p. MsoeiiTe the Tolume of air. 

Connect A now with the phosphorua pipette and force the air into it by 
again raising B. Lower B, and estimate the remaining volume of air. Id 
each caee the difference oC the Tolume of air oorresponoB to Uie qoontitj of 
goi aboorbed. 





to atnorb the 



through wEioh water is kept circulating as ii 

7, Wallert modification of Zi'ntz's apparatus is very convenient (Waller's 
Human Physieloqy, znd Ed., p. 12S). Id this apparatus, the measurini; tube 
is tilled bj means of a bulb, and not a long tube, and the measuring tube has 
on it above a bulb whicli communicates by means of three tubes guarded by 
simple taps ; two of these — horizoDtal — go to the two absorption (O and CO,) 
pipettes, while the vertical one is an outlet tube. (The apparatus is made by 
biid h Tatlocb.) 
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LESSON LXVn. 

LARYNaOSCOPB— VOWELS. 

1. The Laryngoscope is used to investigate the condition of the 
pharynx, larynx, and trachea. Various forms are in use, but they 
all consist of— (i) One or more small, usually circular, plane mirrors 
fixed to a metallic rod at an angle of 120' ; the metallic rod fits 
into a suitable handle, and is fixed by means of a screw. (2) A 
large concave mirror of about 20 cm. focus, perforated with a hole 
in the centre, and secured to the operator's forehead by means of a 
circular band passing round the head. The mirror itself is fixed 
in a ball-and-socket joint, so that it can be moved freely in every 
direction. 

A. Practise first of all on a model of the head and larynx 
provided for the purpose. 

B. On a Living Person. — (a.) Place the patient upright in a 
chair. A good source of artificial light — e.g., a suitable Argand 
lamp — ^is placed near the side of the patient's head, a little above 
the level of his mouth. The incandescent lamp gives a brilliant, 
clear, and steady light. Mackenzie's rack-movement lamp is a most 
convenient form. The observer seats himself opposite and close to 
the patient; places the large mirror on his forehead, and either 
looks through the central hole in it with one eye, or raises it so 
that he can just see under its lower edge. 

(b,) Seated in front of the patient, the observer directs a beam 
of light until the lips of the patient are brightly illuminated. The 
patient is then directed to incline his head slightly backwards, to 
open his mouth wide, and protrude his tongue. Place a clean 
handkerchief over the tongue, and give the patient the hand- 
kerchief to hold, which secures that the tongue is kept protruded 
and well forward. Move the large mirror until the uvula and 
back of the throat are brightly illuminated, the operator moving 
his head slightly to and from the patient until the greatest 
brightness is obtained. 

(c.) Take the small laryngeal mirror in the right hand, and warm 
it gently over the lamp to prevent the condensation of moisture on 
its surface. Test its temperature on the skin of the cheek or the 
back of the hand. Holding the handle of the mirror as one does a 
pen, rapidly carry it horizontally backwards, avoiding contact with 
any structures in the mouth, until its back rests against the base of 
the uvula. At the same time, direct the beam of light upon the 
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laryngeal mirror, when an inverted image of the larynx will be 
seen more or leas perfectly, 

(d.) By moving the laryngeal mirror, not, however, pressing too 
much on the uvula, or continuing the observation for too long a 
time, one may explore the whole of the larynx, Perliapa only the 
posterior part of the dorsum of the tonnue is seen at tirst ; if so, 
slightly depress the handle of the mirror, when the curved fold of 
the slightly yellowish eidgliitiin and its cushion, with the glosso- 
epiglottidean folds, come into view. In the middle line are the 
irtie vocal cords, which are pearly white and shining, and best seen . 
when a high note is uttered, and between them the chink of the 
gliillts. Above these are the false voeal corih, which are red or 
pink, the avy-epi<jlotlidean folds, with on each side the cartUage» iif 
Wrieliei-g farthest out, the cartilages of Sanlorini internal to this, 
and the arytenoid cariilages near the middle line (figs. 240, 341}. 





. 14°'— view of tha Lhtiii during m 
Deep Iniptrmtion. a.e. Glouo-eni. 
KlattmeHa [old ; I.e. lipmid cushion 
of Bptalnttii: a.t, Ari-eplitl"tt(o 
fold ; c. IT.. r,S. Cutllaget ol Wri«- 
bernaiMl Sant-iriiii 1 v.c Vncnl cord ; 
v.b. Ventricular hand -. p.v. Ptocsasiii 
vnitlla: er. Ciiculd canilagei (, 
Blngi of tra<.-h«i. 

(e.) Make tlie patient sing a deep or high note, or inspire feebly 
or deeply, and oteerve the chan>;e in the sliape of the glottis. On 
uttering a deep note, the rings cf the trachea may be seen, N.B. — 
Remember that what is seen by the observer in the laryngeal 
mirror on his right or left corresponds to the patient's left and 
right. The lower part of the mirror gives an image of the more 
posterior structures, wliile the anterior structures are reflected in its 
upper part, 

2. Auto-Laryngoscopv. — The student should learn to \>^e the Iftryngoecope 
on himself. The student sits in a, chair, fixes the large reflecting mirror in a 
BDitahle holder about eighteen inches in Iront of, and on a level vith his 
mouth. Behind and to one side of tliia an ordinary plane mirror is placed 
vertically. On one side of his head he places the source of light. The light 
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ia reHectod on to the uvula by the reUecting mirror, and, od introducing the 
small laryngeal mirror, b; a Httte a,djiLBtiuent one sees the image of the 
iaijnji in the plane mirror. Or one njay uae in a similar way tlie a()[)ai ' 
of Foulia. In Dr George Johnson's method, tbe ordinary rellector is Btra| 
on to the forehead, and the observer places hinisell in Iront of a toilet mi 
Id a line with and slightly behind the mirror, and on one side of the obiierver 







n the toilet ir 



3. Analyria of Vowel Boands. 

Use Kiinig'a apparatus, as shown in fi 
cajisule with the gaa lujiply, light tbf 
E, 1, 0, U in front of the oiieu triimuet 
With the other band rotate thi 
tion of the dame in the mirror, 
witli each vowel ^utidud. 



(M), 



24Z. Connect the tabe of the 
u<-ji>t, and sing the vowela A, 
aped tube shown in the figure, 
and obscri-B the serrated reflec- 
■ the image in tliis mirror varies 
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REFLEX ACnON— ACTION OP POISONS- 
KNEE-JERK. 

1. Keflex Action. — Destroy the brain of a frog down as far as 
the medulla oblongata, which should be done without loss of blood. 
Place under a bell-jar a normal frog for comparison. Immediately 
the frog is pithed, on pinching one of its toes, very probably the 
leg will not be drawn up. After half an hour or more (by this 
time it has recovered from the shock of the operation), observe — 

(a.) Its attitude : the head of the pithed frog lies on the plate 
on which it is placed, while in the intact frog the head is erect^ 
the body and head forming an acute angle with the surface on 
which the frog rests. 

(h,) Its eyes are closed, while those of the intact frog are open. 
The fore-limbs are either flexed and drawn under the chest, or 
spread out, so that the body is no longer supported on the nearly 
vertical fore-limbs, as in the intact frog, but lies flat upon the 
surface of support. The legs are pulled up towards the body. 

(c) The absence of respiratory movements in the nostrils and 
throat. It makes no spontaneous movements, if left entirely to 
itself. 

(d.) Turn it on its back ; it lies in any position it is placed. Do 
this with a normal frog ; the latter regains its equilibrium at once. 
P3xtend one of the legs ; it will be drawn up again towards the 
bo<ly. Pinch the flank with a pair of forceps ; the leg of the same 
side is rapidly extended, then drawn up towards the spot stimulated. 
Pinch sharply the skin round the anus with forceps. Immediately 
both legs are pushed out and pulled up towards the body, as if to 
dislodge the offending body. 

2. Bend a long (6 cm.) straight pin into the form of a hook, 
and push it through the tips of both jaws, and by means of the 
hook hang up the frog vertically on a suitable support. At first 
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BEAGTION-TIME— CEREBRAL HEMISPHERES. 

Eeaction-Time is the interval that elapses between the applica- 
tion of a stimulus to a sense-organ and the moment the stimulus 
is responded to by the individual. For simple reaction-time, or 
sensori-motor reaction-time, all discrimination and choice are elimi- 
nated by repeating the same sensation and using the same response. 
Rutherford's results (Proc, Roy. Soc. Edin.^ July 10, 1894) give 
rather longer periods than some German observers. He finds the 
pendulum-myograph very advantageous in experiments on hearing 
and touch, as successive curves can be superimposed. The mean 
reaction-time he found to be, for sight, o.2o"-o.22"; hearing, 
o.i5"-o.i6"; touch, o.i4"-o.i5" ^cheek), o.i5"--o.i8" (skin of 
finger). 

Beaction-Time for Touch in Man. 

1. Fendulum-Myograph Method (Rutherford). 

Two persons are required, and the observed person should not 
see what the observer is doing. 

(a.) Arrange the apparatus as in fig. 243. The stimulation is 
done always at the same moment when the pendulum in its swing 
breaks the primary circuit. It is convenient, as shown in the 
figure, to use an electro-magnet for releasing the pendulum. 

(b.) The electrodes from the secondary coil are appHed to any 
part of the skin, and the observer, when he feels the shock, closes 
the " response key," whereby a mark is made on the glass plate. 
Time should be recorded on the plate beforehand (60 or 100 D.V. 
per second). 

(c.) If it is desired for sound, a telephone is placed in the 
secondary circuit and the observed person responds when he hears 
the click at the moment of breaking the primary circuit. 

Fig. 244 shows the result obtained for the reaction-times for 
touch by the pendulum-myograph method (fig. 243), chronograph 60 
D.V. per second. The vertical line indicates the moment at which 
an induction shock was given to (i) skin of left cheek ; (2) 
left side of neck ; (3) left upper arm at insertion of deltoid ; (4) 
left little finger ; (5) dorsum of left foot at root of toes. Response 
signal was always given by right forefinger. The vibrations 
following each signal of response result from the momentum of the 
lever (Ruther/ord), 
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2. BecordJDg on Drum (also for sight and hearing). 

(a.) Another method is to cause two electro-magnete with writing- 
styles to record on a lapidly moving drum arranged aa in fig. 145. 
One signal is interposed in the primary circuit of an induction coit, 
with a contact- key also in the circuit. This ia the " atimulating 
key." 

(h.) The other electro-magnet is in connection with a battery, 
a contact-key being in the ciicuit — the "response key." If tlus 




10. 943,— Kntberlord'a Scbenu 
Pundulum-MrD^Taph (ur 1 
Simiile Beaction-nino. 



Is. 344.— BMUlt obUlned tor Slmpls S» 

sctlun-Time with Pendulum- Mjogmph 
iRuOmMd}. ShiKk kptlled Id (r) To 
ikln of left cheek ; (ij L»R (Id* of 
neck : U] Lett npper >nr new deltoid ; 
(4) Lett llCtlB Bnger ; (5) DDnum of lett 



method he used for touch, the electrodes from the secondary coil 
are applied to some part of the akin, and the person marks response 
with the response key. 

(c.) If for sight, a white piece of paper {Rutherford) is placed on 
the electro-magnet style in the primary circuit, and the person 
responds when he sees this moce, which it does when the primary 
circuit is made. 

((f.) If for hearing, then a telephone is introduced into the 
stimulating circuit. The observer puts the telephone to his ear, 
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aud responds when he heatB in tJie telephone the click of the 
induction shock due to closure of the primary circuit. Of course, a 
chroni^raph records time. 

3. Seaction-Time for Touch in Han. — Two persons and the 
following apparatus are required : coil, batteries, wires, two Du 
Eois keys, two electro-magnets to record, and tuning-fork vibrating 
100 T).V, per second. 

(a.) Arrange the exjjeriment as in fig. 246, i.e., in the primary 
circuit (single shocks), two keys arranged in the course (* 
wire, and a recording electro- 
magnet. Under the latter is 
placed a chronograph recording 
•^io"' ^^ point of the one 
exactly under the other, the 
cylinder moving at a rapid 

(If.) Of the two persons, A 
and B, suppose B to be experi- 
mented on. Tlie electrodes 
are placed say on the back of ■ 
the hand or cheek of B, and 
he has control of key marked 
P, while A controls 0. Begin 
with O open, and P closed. 
The observer closes O, 
completes the primary cir( 
the style of the chronograph is 
ihttracted, descends and makes 
a slightly oblique mark on the 
pap>er, which indicates the 
moment of stimulation. As 

soon as B feela this he opens key P, the primary current is broken 
and the recording lever rises. 

(i-.) Measure the time value between the down and up movements 
of the recording lever. In this case the individual operated on 
knows the spot to be stimulated, but even with all his attention 
the results may not be constuit. The time varies with the 
individual, his state of attention, fatigue, part stimulated, and many 
other factors. 

4. The Dilemma. — When the individual has to make a deliberate 
choice between what parts of the body are stimulated, then the 
reaction-time is considerably longer. 

The experiment is arranged as in fig. 246, save tliat the wires 
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from the secondary coil pass to a Pohl's commutator vdlhout erogs- 
bars, and provided with two pairs of electrodes. Thus at will the 
observer can pass the induced shock either through the one pair or . 
the other, the individual experimented on not knowing when the 
leveraer is changed. 




Kio, 146.— Ee»otlon-Tlme (or Tu 



5. The NsniamoBbiineter (Exntr}, or PaychodolDetBr (Oberslein), consiati 
of two Dpriglita (S), with a horizontal B.xi9 carnin); a spring (F)— which 
vibratea 100 D.V. per aecond — with a writing -style at its free end (fig. 147). 
A brass plate (B — b) moveB in a slot, and carries a smoked glass plate (T), a 
catoh (DQJ, and * handle (E). The bsndle (H) pushes up the glass plate and 




catch (G) until the latter meets the spring (F), and puts (F] on the stretch. 
When the catch (0) is withdrawn, ( F) vibrates, and if the style be arranged 
to tonch the glaas, a curre is obtained on tlie latter. 
(<i,) It reqnires two persona. The observed per 
knob {&). while th« catch (0) and «las» plnte are 
catch on (F), and the stjle is arranged to write on 
/wreon must not loot, but close his ejes and listen. 
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(/>.) The obseryer suddenly pulls on (H), thus disohargisg the spring (F), 
which vibrates and produces a note. The moment the observed person nears 
the sound, he presses the knob (E) and raises the writing-style. Of course, 
a curve is recorded, and it ib easy to calculate the time which has elapsed 
between the amission of the sound and the reaction by the observed person. 
Numerous observations must be made, and the mean taken. 

(c.) The instrument may also be used for vision, i.e., when the slide (B — b) 
on being moved uncovers a painted disc. 

{d,) In the more complete form of the apparatus, a key is fixed on one side 
of the apparatus, so that an electrical current is made or broken at the 
moment tne spring begins to vibrate. The key is placed in the primary 
circuit of the induction-machine, and the electrodes of the secondary battery 
are applied to any part of the skin, the observed person depressibg the knob 
(K) when he feels tne stimijdus. One can thus make numerous experiments 
on the ** Reaction-Time " from different parts of the body. 

W. 6. Smith has devised another simple method (see Journal of Physiology, 
zvii. ; Proceedings of Physiological Society^ Nov. 1894). 

6. Inhibition of Equilibration MovementB. 

Take an uninjured frog, place it on its back, and observe that it will not 
lie in this position, but immediately rights itselC Tie pretty firmly, a thick 
string round each upper arm. This in no way interferes with the movements 
of the frog ; but on placing the animal on its back, it no longer rights itself, 
but continues to lie in this position for a long time. It may be moved or 
pulled by the legs, yet it does not regain its normal attitude. Notice the 
modification of the respiratory movements. 

7. Eircher's Ezperimentnm Mirabile. 

(a.) Take a hen and gently restrain its movements. Bring its bill in con- 
tact with a table. Wini a piece of white chalk draw a line directly outwards 
from its bill. Hold the animal steadily for a few seconds, and on removing 
the hands gently, it will be found that the hen lies 
quiescent and does not move for a considerable time. It j\J/ 

may be rolled to one side or the other, yet it lies (\ ^ 

quiescent. /f\ 

(ft.) Take a hen, gently restrain its movements, then lay • [ I "T — 
a straw or white thread over the base of its bill. In a short I X y 

time the animal becomes quiescent. Note the alteration of (T4 — 2 
the heart-beat and the depth and number of the respira- OhM — ' 

tions. ^"---^W/ 

8. Beactions of Frog without Cerebral HemlBpheres. IJj • 
In the frog, as shown in fig. 248, the parts of the brain 

are arranged one behind the other. The guide on the *" y^J^^JSjve • 
surface of the skull to the posterior end of the cerebral o. Olfactory bulb; 
hemispheres is a line connecting the front margins of the i. Cerebral hemi- 
two exposed tympanic membranes. The brain may be P^JS^ ' "' n^**^ 
exposed in a narcotised frog either by means of a small i^uum;'!!. Med- 
trocar or by severing the parts with a knife. After removal uUa oblongata, 
of the cerebral hemispheres, place a little cotton wool in 
the wound to prevent bleeding. The student is not permitted to do this 
operation. 

(a.) Immediately after the operation the frog lies flat on any surkce with its 
legs ^ctended, but after the shock of the operation, i.e, , in about an hour, it draws 
up its legs and assumes the attitude and appearance of an intact frog, but it 
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makes no spontaneous movements, although it res(>onds readily to external 
stimulation. 

(6.) Its eyes are open and its respiratory movements continue (p. 311). 

(c.) If placed on its back, it immediately rights itself. If placed on the 
palm of the hand, or on a rough board hela horizontally, it sits immovable, 
out if the board be tilted, or the hand rotated, then, when a certain angle is 
reached, its equilibrium is disturbed, and it begins to crawl up, until it comes 
to the top, where its equilibrium is restored, and there it sits motionless. 

{d. ) If placed in water it makes continuous swimming movements. 

(e. ) It will avoid an opaque object placed in front of it, when one causes it 
to jump by pinching its hind-legs. 

(f. ) If held up between the thumb and forefinger of the right hand behind the 
forearm, and if it be pinched, then it responds to every pressure by a '' croak." 
This is due to reflex excitation of the croaking centre. It also croaks on 
stroking the skin of the back or flanks. 
. (^. ) It does not feed itself. 

9. Optic Lobes (Inhibition). 

(a.) Expose the optic lobes in a frog, after removing the cerebral hemi- 
spheres. After recovery, determine the latent period of a reflex mechanical 
response of the legs by Tiirck*s method (Lesson LXVIII.). 

(6. ) Apply a crystal of common salt to the optic lobes, and then determine 
the latent period. It is greatly increased, or the reflex may be suppressed 
1 1 together. 
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FORMATION OF IMAGE — DIFFUSION — ABER- 
RATION — ACCOMMODATION — SCHBINBR'S 
EXPERIMENT — NEAR AND FAR POINTS— 
PURKINJB'S IMAGES— PHAKOSCOPE— ASTIG- 
MATISM— PUPIL. 

1. Formation of an Inverted Image on the Eetina. 

(a.) From the fresh excised ox-eye remove the sclerotic from 
that part of its posterior segment near the optic nerve. Roll up a 
piece of blackened paper in the form of a tube, black surface inner- 
most, and place the eye in it with the cornea directed forwards. 
Look at an object — e,n,, a candle-flame — and observe the inverted 
image of the flame shining through the retina and choroid, and 
notice how the image moves when the candle is moved. 

{K) Focus a candle-flame or other object on the ground-glass plate of an 
ordinary camera for photographic purposes, and observe the small inverted 
image. 

(c.) Fix the fresh excised eye of an albino rabbit in Du Bois-Reymond's 
apparatus provided for you, and observe the same phenomenon. The eye is 
fixed with moist modeller's clay. Observe the effect on the retinal image 
when a convex or concave lens is placed in h'ont of the cornea. These lenses 
rotate in front of the cornea, and are attached to the instrument. 

2. Diffusion. 

(a.) Fix a long needle in a piece of wood, or use a pencil or 
penholder, close one eye, and bring the needle or pencil gradually 
nearer to the other eye. After a time, when the needle is five to 
six inches distant, it will no longer be distinct, but blurred, dim, 
and larger. 

(ft.) Prick a smooth hole in a card with a- needle, arrange the 
needle at the proper distance to obtain the previous diffusion efi'ect, 
and now introduce the card between the needle and the eye, 
bringing the card near the eye, and looking through the hole in the 
card. The needle will appear distinct and larger ; it is distinct 
because the diflusion circles are cut off, and larger because the 
object is nearer the eye. 
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(f*.) In a dark room place a lighted candle or gas-burner con- 
veniently, and by means of a convex lens focus the image of the 
flame on a sheet of white paper. It is better to introduce a 
blackened cardboard screen with a narrow hole in it between the 
light and the lens. Observe that a sharp image is obtained only 
at a certain distance from the lens. If the white screen be nearer 
or farther away, the image is blurred. 

3. Spherical Aberration. 

Make a hole in a blackened piece of cardboard with a needle, 
look at a light placed at a greater distance than the normal distance 
of accommodation. One will see a radiate figure, with four to 
eight radii. The figures obtained from opposite eyes will probably 
difier in shape. 

4. Chromatic Abetration. — Coloured Fringes. 

(a.) With one eye fix steadily the limit between a whitie and 
black surface (e,(j.y fig. 265), and while doing so bring an opaque card 
between this eye and the object (the other eye being closed). Let 
the edge of the card be parallel to the limit between the white and 
black surfaces, so as to cover the larger part of the pupil. The 
margin next the black appears with a yellowish-red fringe when 
the part of the pupil which Ues next the black surface is covered, 
while there is a bluish- violet fringe in the opposite condition. 

(b,) Make a pin-hole in a blackened card, and behind the hole 
place a cobalt glass. Look at a gas-flame through this arrangement. 
The cobalt glass allows only the red and violet rays to pass through 
it. Accommodate for the violet rays or approach the Hght, the 
flame appears violet, surrounded with a reddish halo ; on accommo- 
dating for the red, or on receding, the centre is reddish with a 
violet halo. 
' ^ (c.) Place a strip of red paper and one of blue on a black surface. 
\j The red appears nearer than the blue, because one makes a greater 
efifort to accommodate for the less refrangible red rays than for the 
more refrangible blue or violet, and hence the red is judged to be 
nearer. 

{d,) V. Bezold's Experiment. — Make a series (10-12) of concentric circles, 
black and white alternately, each i mm. thick, the diameter of the whole 
being about 15 mm. On looking at these circles when they are placed within 
the rocal distance, one sees the white become p'nk ; to some eyes it appears 
yellow or greenish. The. same is seen on looking at concentric blaclc and 
white circles, or parallel black and white lines from a distance outside the far 
point of vision ; the white appears red and the black bluish. 

(e. ) Wheatstone's Fluttering Hearts, — (i. ) Make a drawing of a red-coloured 
heart on a bright blue ground. In a dark room lighted by a candle hold the 
picture below the level of the eyes, and give it a gentle to and fro motion. 
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On continuing to look at the hearts, it will appear to move or flutter over 
the blue background. 

(ii. ) On a bright blue ground make a square with black lines and subdivide 
it into smaller squares. On the same ground make a series of small squares — 
not coinciding with the previous ones — with red boundaries. On moving 
the figure to and fro in the shade below the level of one's eyes, one sees the red 
squares moving to and fro over the black ones. Some see the black moving 
behind the red. (" Zur Erklarung d. flatternden Herzen," A. Szili, Du Bois 
ArchiVf 1891, p. 157.) 

5. Accommodation. 

(a.) Standing near a source of light, close one eye, hold up both 
forefingers not quite in a line, keeping one finger about six or seven 
inches from the other eye, and the other forefinger about sixteen 
to eighteen inches from the eye. Look at the nf^ar finger; a 
distinct image is obtained of it, while the far one is blurred or 
indistinct. Look at the far image ; it becomes distmct, while the 
near one becomes blurred. Observe that in accommodating for the 
near object one is conscious of a distinct effort. 

(h,) Ask some one to note the diameter of your pupil when you 
accommodate for the near and distant object respectively. In the 
former case the pupil contracts, in the latter it dilates. Ask a 
person to accommodate for a distant object, and look at his eye 
from the side and somewhat from behind ; the half of the pupil 
projects beyond the margin of the cornea. When he looks at a 
near object in the same line, and without moving the eyeball, 
observe that the whole pupil and a part of the iris next the observer 
are projected forwards, owing to the increased curvature of the 
anterior surface of the lens. 

(c.) Hold a thin wooden rod or pencil about a foot from the eyes, 
and look at a distant object. Note that the object appears double. 
Close the right eye ; the left image disappears, and vice versd, 

{d,) At a distance of six inches from the eyes hold a veil or thin gauze in 
front of some printed matter placed at a distance of two feet or thereby. Close 
one eye, and with the other one soon sees either the letters distinctlv or the 
fine threads of the veil, but one cannot see both equally distinct at tne same 
time. The eye, therefore, can form a distinct image of a near or distant object, 
but not of both at the same time ; hence the necessity for accommodation. 

6. Scheiner's Experiment (fig. 249). 

(ft.) Prick two smooth holes in a card at a distance from each 
other less than the diameter of the pupil. Fix two long fine 
needles or straws in two pieces of wood or cork. Fix the card- 
board in a piece of wood with a groove made in it with a fine saw, 
and see that the holes are horizontal. Place the needles in line 
with the holes, the one about eight inches and the otlier about 
eighteen inches from the card. 
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(b.) Close one eye, luid with the other look through the holes at 
the near needle, wliich will be seen distinctly, while the far needle 
will be double, but both images are somewhat dim. 

(c.) With another card, wliile accommodating for the i/mr needle, 
close tlie right-hand hole ; 
the right-hand image dis- 
appears; and if the left- 
hand hole be closed, the 
left-hand image dis- 
appears. 

(d.) Accommodate for 
the fai- needle ; the near 
needle appears double. 
Close the right-hand hole, 
and the left-hand image 
disappears ; and on clos- 
ing the left-hand hole, 
the right-hand image dia- 
apiieara. 

(c.) Instead ot astng a caid 
[levforsted with two holes, ueb 
au a]>paTatnB so conatnicted 
tliat one hole is covered with 
B green and the other with a 
I'ed glasa. Repeat the pre- 
vious observatioua. notine the 
disappearance of the ted or 
green image, as the case ma; 

(/.) If desired, the holes 
in the card may be made one 
-*-— B the other, bat in this 




«e the pin looked at must be horizontal, 

(j.) Make three holes in b piece of cardboard, as lu fig. 

n be brought shnnltaneously before one eye, and ]o3k 



ISO, a 






\'i III 



and note that the pin appears to a 
the card. 

(iii.) Accommodate for a nearer o 
move in the same direction as the car 



r object, the needles 
1 that shown in c 

(A.) Miles' Experiment, 
(i.) Loot at a pin through 
a pin hole in a card. Ac- 
commodate for the pin, move 
the card to and iro, and note 
that the pin appear? immov- 

(ii.) Accommodate for a 

distant object bevond the pin, 

] the opposite direction 10 that of 



ict, and note that the pin appeai-e U 
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7. Determination of Keax and Far Points. 

(a.) Hold a pin vertically about ten inches in front of one eye, 
the other eye being closed. Look through the two holes in the card 
used for Scheiner's experiment, and when one distinct image of the 
needle is seen, gradually approximate the needle to the cardboard ; 
observe that it becomes double at a certain distance from the eye. 
This indicates the near point of accommodation. 

(b,) Hold the card in front of one eye, and gradually walk back- 
wards while looking at the needle, observing when it becomes 
double. This indicates the far point of accommodation. N.B. — 
The experiment (b,) succeeds best in short-sighted individuals. 

(c. ) Determine the near point with a vertical needle and card with hori- 
zontal holes, and again with a horizontal needle and a card with the holes 
vertical. The two measurements do not usually coincide, hecause the curva- 
ture of the cornea is usually different in the two meridians. 

8. Furkinje-Sanson's Images. 

(a.) In a dark room light- a candle, and hold it to one side of the 
observed eye and on a level with it. Ask the person to accommo- 
date for a distant object, and look into his eye from the side 
opposite to the candle, and three reflected images will be seen. At 
the margin of the pupil, and superficially, one sees a small bright 
erect image of the candle-flame reflected from the anterior surface 
of the cornea. In the middle of the pupil there is a second less 
brilliant, larger, and not sharply defined erect image. It is reflected 
from the antenor surface of the lens. The third image, which lies 
most posteriorly and towards the opposite margin of the pupil, is 
the smallest of the three, and is an inverted image reflected from 
the posterior surface of the lens. Ask the person to accommodate 
for a near object, and observe that the pupil contracts, while the 
middle image— that from the anterior surface of the lens — becomes 
smaller and comes nearer to the corneal image. This shows that 
the anterior surface of the lens becomes more convex during 
accommodation. 

(b,) Instead of using a candle-flame, cut two small square holes (lomm. 
square) in a piece of cardboard, and behind each place a gas-flame, and observe 
the three pairs of square reflected images. 

(c.) Physical Experiment. — Place in a convenient position on a table a large 
bi-convex lens, supported on a stand. Standing in front of it, hold a watch- 
glass in the left hand in front of the lens and a few inches from it. Move a 
lighted candle at the side of this arran^ment, and observe the three images 
described above. Substitute a convex Tens of shorter focus, and observe how 
the images reflected from the lens become smaller. 

9. The Fhakoscope of Helmholtz is used to demonstrate the 
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change in curvature of the letis, m 
mrfuce, duncg accommoelation (tig. : 
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i eapecially of the anterior 
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(a.) Place tbe phukoBcope in a coavenieDt position, and darkm the room. 
Two jienoni are reqaiied. The observed e;e (pstientj looks tbnnigli ■ hrle in 
the box otipoaite to c, while the observer looks throogh the bole (a) >t the side, 
light ■ Ump, (ilaee it some distance from the two prisnie {b. A') in mch a 
pceitian that its light is thrown clfarly njion the ol)3er¥ed eye, and tbi J 
obselrer sees two ^mall bright square images of tight, when the Dbserred fflitM 
looks straight ahead at a dutant object. These are the co'iteai imsgM^ A*'J 
H shoold also Bee in the observed eje two la^^ less distinct images, from tU~n 

^^^^^ amtriar mufaa of the ltn», and two smaller much dimmer imagea, from tbs 
^^^^L fOtUru/T fitfoee of At leni. The la!.-t are seen witli difficult;, 
^^^^^r (b.) Ask tiie patient to accommodate for a near object, viz., the pin abor* c, 
^^^^^B Jueping the e;e anmoved. Observe that the middle intake becomes smaller 
^^^^^K'.WurgaM nearer to the corneal one, wbile the other two undergo no perceptible 
^^^^^F ehangs. At ths aame time the pupii bemmes Emaller. 

f' 





— PhflkoBcnpe, a 



ID. Principle of Helmholtz's Oplthalmameter. — The student may con- 
veuientl; learn the principle of this instrument from thi: apparatus of Auber 
(tis. 252) (made b; Petzold of Leipzigl. By menns of the ophthalmometer. 
Hnmholtz measured the size of Sanson's images anil the changes In size dniing 
accommodation. If one looks at an object through a plate of glass in a direc- 
tion at right angles to the surface of the glass, Che object is seen single and in 
its exact jKisition. If, however, one looks at it obtiquely or displaces the glass, 
then the image appears dLB|itaced to the right or left according to the inclina- 
tion of the glass plate. In Helmboltz's instrument two gloss plaCea, as in Gg, 
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35Z, were jilaced ous above the other, sad oould be rotiil«d in opposite direotions 
round a vertical axis. One looks thraagh the glass plates at two black lines 
painted on a sheet or glass. Oti looking at the two lines through the two glass 
plates, and on Ititating tlie latter in opj hosite directions, one image is displaced 
to the right and the other to the left , and the object appears double, Ona rotates 
the plates until the inner edge of the one image coincides with the correspond- 
ing edge of the othtir, so that each imaga has been displaced exaotly to the extent 
of the size of the object. The siseof the image can be calculated, provided one 
knows the refractive index of the glass plates, their thickness, and the angle 
fonned by them. In the ophthalmometer the extent of rotation is road off on 
a disc placed outaida the tioi which contains the glass plates. 

11. Line of Accommodiitioii, i.e., the eye doea not accommodate 
for a point, but for a. seriea of points, aU of which, are equally 
sharply perceived with a certain accommodation. 

(a.) Stretch a white thread about a metre long uu a blackened wooden 
board. Through two narrow slits, about 2 turn, apart, in a blackened card, 
fooua with ona eye a particnlar part of the thread, which mnst be in the optic 
axis. A part 01 the thread on the far and near side of the point tocussed is 
i|uite distinct and linear, but beyond ot nearer than this the thread is doable, 
and diverges from the point fbouased. 

(i.) Hake a small black s^ot with ink on a glass plate, and hold it in front , 
at any printed matter. Bring the eye as close as possible to the glass plate 
without losing distinct detinition of the point. At one and the same time 
oiily one of the objects can be seen ; but not the point and the print equally 
sharply defined. RsmoTe the eye gradually from the class plate, and ulti- 
mately at a certain distance both the point and print willbe eq^ually distinct ; 
the point and print mark the extreme limits of the line of accommodation, 

12. ABtigmatisiD is usually due to unequal curvatures of the cornea 
in different meridians, i.e., the surface of the cornea is not part of 
a perfect sphere, Astigmotism ia not uncommon, and usually the 
curvature of the cornea ia greater in the vertical than in the hori- 
zontal meridian. This is " regular astigmatism." In such a 
" spoon-shaped " cornea a point of light ia not focussed as a point — 
" pin focus," but is linear or " line focus." 

(a.) Draw on a card two black lines of equal thickness, intersect- 
ing each other at right angles. Fijt it vertically at the far limit of 
accommodation and look at it, when probably either the vertical or 
the horizontal line will be eeen more distinctly. Test each eye 
.leparately. The line most distinct correaponda to the meridian of 
leaat curvature of the cornea. 

(''.] Instead of a cross, construct a star, the lines radiating at eqoal angles 
from the centre, and being of ei^ual thickness. Repeat the previous ob»rv»- 
tions, observine in which meridian the lines are most distinct. 

(>;.] Repeat these observations with the "astigmatic clock" aospended 01 
the wall, or with appropriate illustrations given in iHnellm'a "Test-types." 

('I.) Gtmstvuct a series of concentric circles of equal thickness and tint, 
about one-eighth of an inch apart UgWD a card. Make a small hole in the 
centre of the caid. Look steadily at the centra of the card held at soma 
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distance. All the parts will not be equally distinct. Approach the card 
towards you, noting in which diameter tlie lines appear most distinct. 

(«.) This card may be used in another way. Hold the card in front o( and 
with the circles directed towards the eve of another person — especially one 
with astigmatism ; place your own eye behind the hole in the card and look 
into the observed eye, noting the reflection of the circles to be seen in the eye. 
Observe in which meridian the circles are most distinct, and if there be any 
perceptible difference in the thickness and distinctness of the circles. 

(/.) Draw a series of parallel, vertical, and horizontal lines of equal tint and 
thickness, and about one-eighth of an inch apart. Fix the card vertically at 
a distance, and move towards it, noting whether the vertical or horizontal 
lines are most distinct. 

{g. ) Fix a fine wire or needle verticall^r in a piece of wood movine in a slot, 
and similarly fix another needle or wire horizontally. Move the needles 
until both can be seen distinctly at the same time, when it will be found that 
tho needles are some distance apart ; usually the horizontal one is the nearer. 

18. Diplopia Monophthalmica. 

Make a small hole in a black card, hold it at some distance, and with one eye 
look through it at a luminous point, the eye being accommodated for a distant 
object. One sees either several objects (feeble light) or an irregular radiate 
figure with four or eight rays. Move the paper, and the lone rays remain in 
the same position. Cdinpare the figure obtai-ied from the other eye. It will 
very likely be different, 

14. Movements of Iris. — (i.) It is an extremely beautiful experi- 
ment, and one that can easily be made by looking at the white shade 
of an ordinary reading-lamp, to look through a pin-hole in a card at a 
uniform white surface. With the right eye look through the pin- 
hole, the left eye being closed. Note the size of the (slightly dull) 
circular visual field. Open the left eye, the field becomes brighter 
and smaller (contraction of pupil), close the left eye, after an 
appreciable time, the field (now slightly dull) is seen gradually to 
expand. . One can thus see and observe the rate of movements of 
one's own iris. 

(ii.) Pupil-Eeflex. 

Place a person in front of a bright light opposite a window, and 
let him look at the light, or place oneself opposite a well-illuminated 
mirror. Close one eye with the hand and observe the diameter of 
the other pupil. Then suddenly remove the hand from the closed 
eve, light falls upon it ; at the same time, the pupil of the other eye 
contracts. 

15. Pupil of Albino Babbit.— The pupil in albinos appears red, 
althoug}i in other animals it is black. In the albino it is red owing 
to the absence of pigment in the choroid and iris, so that light is 
admitted through the sclerotic and choroid and is reflected from 
the interior of the eyeball through the pupil to the eye of the 
observer. 
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BLIND SPOT. 



PlacB in front of the flye of an albino rabbit a black screen with it hola il 
it of exaoCly the ia.me size as the pupil. Let the hole and pupil correapniid 
in [lositian to earh other. The pupil tlieti appears hlauk, as thu card lureats 
the lateral raya that tall upon the eyebuJl. 




16. The Pupil Appears Larget than it i« in Beolitj. 
To see the pupil at its essct siw, an exoisEd ujubsll must bp observed i 

water. If a glass model of a pupil be taken, uud then be covered by a 
other tbiulc concavo-convex glaas in shape like the eornea, the pupil at (r 
appears Urger. 

17. Lodwi^'s Apparatus for Vldon of a Foint 
The black plate [tig. 253) is hxcd in the alot bo that either a alit or • hole 

is just above the handle of the inatrumBot. Remove ftom the jnatrnmBnt 

the carrier with the steel point, and an the 

bar of the inatrument place the vertical 

slit of the black plate (visual) uear the 

eye. There is a movable bla'^k plate with 

a small hole in it. On looking at this 

atuall hole through a reitical slit it appears 

oval from above downnarda, while with 

a horizontal slit the round hole appears 

drawn out latenillv. If there be two small 

holes near each other in the visual plate, 

then at a Rcrtain distance two are seen in 

the movable plate. If the movable plate 

be removed, and the steel point put in its 

place, on using the large hole in the vieual 

plate, aud bringing the st«el point towards 

the eye, alter a time one ceases to see it 

distini^tly, or if seen it is blurred. On uai 

plate, the rod appears distinct [fig. 253). 

18. Listing's Hediieed Eye.— The various dioptric media of the eye may be 
considered as equal to a single subalAnce with a relractive index of 1.35 and 
a single spherical surface of radius 5.1248 mm. The position of the nodal 
i>oint is 5 mm. behind the reEractive sur&ce, and the principal focus 1 5 mm. 
behind this. This latter value ia of apeeial imnortance in enabling one to 
calculate the size of a retinal image — the size and distance of the object being 
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a the small hole in the visual 
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BLIND SPOT — FOVEA CBNTBALIS — DIRECT 
VISION— CLERK MAXWELL'S EXPERIMENT— 
PHOSPHENES— RETINAL SHADOWS. 

1. The Blind Spot. 

(a.) Harriotte'B Experiment. ^As in lig. 254, on a white card 
make a cross and a large dot, either black or coloured. Hold the 
card vertically about 10 inches from the right eye, the left being 
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closed. Look steadily at thecroas with the right eye, when both the 
croas and the circle will be seen. Gradually approach the card 
towards the eye, keeping the axis of vision fixed on the cross. At a 
certain distance the circle will disappear, i.e., when its image falls on 




the entrance of the optic nerve. On bringing the card nearer, the 
circle reappears, the cross of course being visible all the time, 

(A ) Pertorm the experiment in this way. Place the Hat hand vertii^l to 
the bee, and with its edge touching the noae so as to form a acptURi between 
the two fieWa of viaion. Fii the cross in fig. 155, Icaap both oyes open, and 



on moving the paper to and fro at a oartain 
disappear. 

(f.) Oloss the led eye, and G: the point a (6e 
oertain distance (about 16 cm. ], one sees a oampl 
the horizontal bar appears u 



e both black dots wilt 




: (d.) VolkinaDii'B EzperimeDt ou the Blind Spot, 

Look at the auot a (fig. 357) with one eye, the gap, b c, diitappears whu 
blls on the blind spot and the liae looks continuous ; the points /< andi; appt 
■a if placed in the same paint of the field of visioa, no that the parts o( 4 
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retina in the periphery of the blind spot behaye as if two diametricallj 
opposite points approached each other. 

2. Map out the Blind Spot. 

Make a cross on the centre of a sheet of white pajter, and place it on 
a table about lo or 12 inches from you. Close uie left eye, and look 
steadily at the cross with the right. Wrap a penholder in white paper, < 
leaving only the tip of the pen-point projecting ; oip the latter in ink, or dip 
the point of a white feather in ink, and keeping the head steady and the axis 
of vision fixed, place the pen-point near the cross, and gradually move it to 

c I I I 

a bed 

Fig. 257.— Yolkmann's Experiment on the Blind Spot. 

the right until the black becomes invisible. Mark this spot. Carry the 
blackened point still farther outwards until it becomes visible again. Mark 
this outer limit. These two points give the outer and inner limits of the 
blind spot. Begin again, moving the pencil first in an upward and then in a 
downward direction, in each case marking where the pencil becomes invisible. 
If this be done in several diameters, an outline of the blind spot is obtained, 
even little prominences showing the retinal vessels being indicated. 

3. Galcnlate the Size of the Blind Spot. 

Helmholtz gives the following formula for this purpose : — When / is the 
distance of the eye from the paper, F the distance of the . second nodal 
point from the retina— usually 15 mm.— rf the diameter of the sketch of the 
blind spot drawn on the paper, and D the corresponding size of the blind 
spot : — 

F D 

4. Acuity of Vision of the Fovea Centralis. 

(nr.) On a horizontal plane — a blackboard — describe a semicircle with a 
radius equal to that of the near point of vision, and fix in the semicircle pins 
at an angular distance of 5° apart. Close one eye, and with the other look at 
the central pin ; the pins on each side will be seen distinctly ; those at lO** 
begin to be indistinct, while those at 30** to 40° are not seen at all. 

[b. ) At a distance of 5 feet look at a series of vertical parallel lines alter- 
nately black and white, each .5 mm. wide. A normal eye will distinguish 
them ; if not, approach the object until they are seen distinctly. 

5. Direct Vision.— When the image of an object falls on the 
fovea centralis, we have " direct vision." When it falls on any 
other part of the retina, it is called " indirect vision." Vision is 
most acute at the fovea centralis of the yellow spot. 

(a.) Standing about 2 feet from a wall, hold up a pen at arm's 
length between you and the wall. Look steadily at a fixed spot 
on the wall, seeing the pen distinctly all the time. Move the pen 
gradually to one side ; first one fails to see the hole in the nib, and 
as the pen is carried outwards one fails to recognise it as a pen* 
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Heuce, in looking at a large surface, to see it distinctly one must 
uncousciously move hia eyeballs over the surface to get a distinct 
impresBion thereof. 

(b.) Hake twa block data ou & card quite close togethei, so that when 
lookM at they are seen as two. Hold up the left index-finger, took steadily 
at It. and place the card with the dots beside the finger. Move the card oat- 
wards, inwards, upwards, and downwards anocBBsively, and note that as the 
dots are moved towards the periphery they appear as one, but not at equal 
distances Trom the fixed point in atl meridians. For convenience, the card 
inay be moved along a rod, movable on a vertical support. 

6. Clerk-Hazwell'B Experiment — The Yellow Spot. 

A strong, watery, clear solution of chrome alum is placed in a 
clear glass bottle with Hat sides. Close the eyes for a minute or 
so, open them, and, while holding the chrome alum solution between 
one eye and a white cloud, look through the solution. An elliptical 
spot, rosy iu colour, will be seen in the otherwise green field of 
vision. The pigment in the yellow spot absorbs the blue-greeii 
rays, hence the remaining rays which pass through the chrome alum 
give a rose colour. 



7. Bergmann'B BzperimeDt. — Make a series of parallel vertical 
>lack lines, i mm. in diameter, on white paper, with equal white 
ireas intervening between them. Look at them in a good light, 
, at a distance of i to 3 yards. 

In a short time the lines wilt 
appear as in fig. 258, A. Wliyl 
Eeeauae of the manner in which 
the images of the lines fall on 
the cones in the yellow spot, as 
shown in B, 



pencil, 
of the 
centre 




6. FhoBphenes. 

Press the tip of the 
firmly, or the end of a 
gainst the inner comer 
A brilhant circular patcli, with a steel-grey 
and yellow circumference, is seen in the Jifld of imr/n and 
opposite side. It has the same shape as the compressing 
Press any other part of the eyeball ; the same spectrum i: 
and always on the opposite aide. Impressions made 
terminations of the optic nerve are referred outside the e; 
beyond into space. The phosphene is seen in the upper 
the lower is pressed, and vice v^sd. 



I the 
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9. Shadows of the Fovea Centralis and Eetinal Blood- Vessels. 

Move, with a circular motion, a blackened card with a pin-hole 
in its centre in front of one eye, looking through the pin-hole 
at a white cloud. Soon a punctated field appears with the out- 
lines of the capillaries of the retina. The oval shape of the yellow 
spot is also seen, and it will be noticed that the blood-vessels do 
not enter the fovea centralis. Move the card vertically, when the 
horizontal vessels are more distinct. On moving it horizontally, 
the vertical ones are most distinct. Some observers recommend 
that a slip of blue glass be held behind the hole in the opaque card ; 
but this is unnecessary. 

10. Purkinje's Figures. 

In a dark room light a candle, and stand in front of a mono- 
chromatic wall. If this is not available, hang up a large white 
sheet, and while looking steadily with one eye towards the wall 
or sheet, accommodating the eye for a distant object, hold the 
candle close to the side of that eye, well out of the field of vision, 
— downwards and laterally from the eye, — and move the candle up 
and down. It is better to direct the eye outwards, keeping it 
accommodated for a distant object. Ere long, dark somewhat red- 
brown branching lines, shadows of the retinal vessels, will be seen 
on* a red background, due to the shadows cast by the retinal 
vessels on the percipient parts of the retina. Therefore the parts 
of the retina stimulated by light must lie behind the retinal blood- 
vessels. If the candle be moved in a vertical plane, the shadows 
move upwards or downwards with the light. If the light be moved 
horizontally, the shadows move in an opposite direction. 

Entoptical Vision. — By this is meant the visual perception of 
objects situated within our own eyCi There are many such 
phenomena. 

11. Muscse Volitantes. 

(a.) Light a candle in a dark room ; at a distance from it place 
a black screen with a pin-hole in it. Focus by means of a convex 
lens the image of the flame upon the hole in the screen. Look 
through the hole with one eye, and on the illuminated part of the 
lens will be seen images of dots and threads due to objects within 
the eyeball. 

(6.) Rays of light proceeding from a point at or preferably within the 
anterior focus of the eye, i,e., 13 mm. or less from the cornea, cast a shadow 
of any object within the eyeball, because the rays fall parallel on the retina. 

Make a pin-hole in a card, place it close to the eyeball, and through the hole 
look at an illuminated surface, e.g. , a white lamp-shade, or white sky. The 
margins of the aperture become luminous, i,e. , they are the luminous body. 
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t preient in the media of o 

12. Inveraioii of Shadows thrown on the Hetina. 

Make three iiin-hole9 in s c&rd. and srrauge them in s triEingle cloaa t 
each utiier. Hold the card 4 or 5 inches mim the right eye, and 1ad[ 
through the holes at a bright sky or lamp. Close the left eye, and in front ^ 
the right hold a pin so that it just touches the evelashea. An inverted ii 
of the pin will be seen in each pin-hole. Retinal images, as we have seen, 
inverted on the retina, shadows on the retina are erect, and therefore C 
latter, on being projected outwards into space, are seen inverted. 

13, Duration of Impreesdons. 

On a circular white disc, about half-way between the centre a 
circtunference, fix a Bioail black oblong disc, and rapidly rotate j 
by means of a rotating wheel. There appears a ring of grey o 
the black, showing that the impression on the rethia laste a o ' ' 



11. Talbot's Law.— A grey onee produced is not changed hy ii 
rapidity of rotation of the disc exciting the sensation. The intensity uf U 
light impression ia quite iudependent of the absolute duration of the pr~' 
□I illuminatiDn aad abade. 

Rotate a disc like fig. 259 twenty-five times jier Eiecond, then the p 
in which illumination and shade alternately lasts lor the inner zoneia -^ at 
for the middle ^, and fertile outer zone il^ sec In all three zones the perti 
of illumination lasts exacdy oj ' 



effect is produced. The nnmber j 
rotations is readily determined t' 
Harding's improved countt 

16. Cbarpentier's 

menta (slow-moving di 

(i.) " Bliir,k-hand Sxpiriinent,'* 
— Make a disc J white, cause s 
to revolve (once in two secoi 
in bright direct sunaliine. 
the wjiite sector will be see 
sia. 159. narrow " black band " or Sb 

near the black edge that t 
just passed in front of the eye, but separated from that edge 
a narrow white sector (fig. iCia). The black band always appea 
at the same time from the monaent the white sector appears in tl 
field. The time is equal to ,'5 to ^ second, i.e., 0,014" •« 0.016 
It ia independent of the velocity of tlie disc. Sometimes the* 
are two or three successive fainter hands, but they are difficult ti 
make out. 




mrect vision. 
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The first effect is white, fallowed by an after-effect which is hlack 
even dwinij the continued white Btimulua, Thtm there eeema to be a 
slow oscillatory process in the retino -cerebral apparatuB, ahoivinT a 
positive and a negative phase, each phase lasting 0.014' ^ 0.016". 

The negative phase of oscillation takes place after the shortest 
possible illumination, and appears to be a general phenomenon. 
Charpentier suggests that it is possible that a single bright stimulus; 
?.(? , an electric spark, appears as a double or reduplicated bright 
sensation {Ai-chives de I'hysMogis, 1892, p. 541). Another form 
of tlie experiment is given in a later paper (p, 629). 



riQ. i&i.— ChBrpentl 



rotaUi^n. 
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(ii.) On a large bluck disc (40 cm. diameter) gum near its circumference a 
piece of white p&per(i em. and anf^ular doviatioii l°-z°). and cause the diac 
to revolve twicB por second. The observer has a Bensation of a whits Tiblxd 
streak (titiouC \ of tha entire circle) on the black surface. There is not a 
iinifomi tint, and the ribbed aiipearance la due to bd osoillattiry proceas in 
the reti no-cerebral apparatuB. 

(iii.) Arrange a block disc with narrow open eqaidistant sectors, to rotate 
opposito to a white surracs illamioited by i^reut suuiight. The aect4)Ts have 
their apicex towards tlie periubery and thi:ir bases ^t the centre (Eg, 261). On 
rotating thi< disc before the eyes so that the retina is stimulated 40-60 times 
ptr second, ie., when each stimulus occurs nuring the native after-effect 
of the jjreceding sMmulus, one gets a aensation oi n purple- violet iield, but the 
held is colourless at lower or higher rates of stimulation. Chariieiitier thinks 
D is due to entcptical vision of the retinal purple. 



I 



that the coloured sensatiou ii 



PRACTICAL PHyeUOLOOT. 



LESSON" LXSin. 

PBBIMBTRY—IBKADlATrON— rUPBRFEJCT VISUAX. | 
JUDGMENTS. 

1. To Map out the Field of Viaion, or Perimetry. 

{'I.) A rough method, is to place the persou with his hack to sJ 
window, ask him to close one eye, staad in front of him about s 
fent iliatant, hold iip the forelingera of both hands in front of and'^ 
* plane of your c 
Ask the person to 
look atetkdily at your nose, 
and as he does so observe 
to what extent the fingers 
can be separated hoiizon- 
tally, vertically, and in 
oblique directions before 
they disappear from his , 
field of vision. 

{&.} Priestley Smith's Peri- j 

'"- (fig. 262].— Let the ob- I 

seat bimselr near >] 

which tlia perimetetfl 




:hart fiir the right eye b 
' ~ VDoden circular disc 

IcnD the liaiid-vhee) shon. 
'hich wBj thfl chart is to bc] 

(c.) The iiatieiit rea 
;ltt cheek against the bnohV 
oil the wooden jiiltar in snch a 
position that theknohis aboOl. 
an inch directly undur his rivht eye, the other eye is closed either volnntsrily V 
or with n shade, while the observev looks steadily with the right eye a* "■- " 
white HiHit on the end of the ania of tho iiiatrument, 

ill.) The observer turns Che ijuadrant with his right hand by mean h oftfaafl 
wooden wheel, fii'at to one and then U> another meridian. With his left ' 

rnoTBS the white mark along the quadrant, beginning at the periphery ■ 

gradually approaching centralwarde utitil it is just seen by the riebt eye. Jl 
prick is thou made in the chart corresiionding to the angle read olf on Uk9 
quadrant, at which the observer uan see the white sjiot. 
(>■. ] Turn the quadrant to another meridian and determine the limit of t1 
isual field as belbre. This is repeated lur four or mote meridians, and tl 



the prickt! on tiie chart are joined by a continuous line, when we obtain an 
ovai fieSd more eitensive in tlie outer and lower portions. Teat, if desired, the 
kft eye. nnbstitutina a blank chart for that eye. 

(/ ) Teat the field of vision for coloura, aubatituting for the wbite trsTelling 
diBO blue. red. and meen. Mark eaah eolonr-tiald on the chart with a pencil 
of aimikr colour. Notice that the 8eld for blue is nearly aa large as the 
Honual visual field. It is smallest for greaa, red being intermediate between 
green and blue, 

2. BiaoculBJ Vision. 

(a.) Hold in front of each eye a blackened tube. On looking 
through both ttibes two fields wiU be seen. Gradually cause the 
tubes to converge at their free ends, and the two fields of vifiioii will 
be seen to meet and form a single field. 

(6.) Continue the conTergence, and note that two fields reappear, 
but they are crossed. In these " Recondaiy positions " there is no 
rotation of the eyeball on its antero-posterior axis. 

('■.) If the eyeball be turned in any other direction (tertiary 
poaitionB) the after-image appears inclined, or at nji angle with the 
vertical or horizontal stripes, according to the original poaition of 
the red fixation -object. 

Positiona). 

{a.) On a grey sheet of stout pB|ior, at least i Dictic square, rule a number 
of vertical Ind horizontal faint ' 
blact lines. Fis on the oentre of 


the paper a strip of red pa|<er on a 1 
leva! with the eyes, the ayes being 
in the prinury position, i.f:., look- 
ing BtraichC ahead. Gaze steadily 
at tbe latter, keeping the head 
fixed. After a time suddenly direct 
the eyeballs to another iiart of the 

image is seen which retaina ita 
same relative T>osition with regard 1 
to the vertical and horizontal lines. 1 
provided the eyeballs be moved 
dii'eotly ujiffarda. downwarda, in- 
wardfl, or outwards, ».«., if the eye- 
ball is moved up along vertical or 

imiige is stiil vertical. Turn the 
eyetrall upwards and to the right, 
or downwards aud to the left, the 
head being kept in the same [Bsi- 
tion, the alter-image appears tilted 
to the right ; if the eyes are directed 
upwards and to the left or downwards 
tilted to the lefC A similar result < 
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and to the right, the after-imgae ap|iean 
occurs with a horizontal strip of laper, 
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(/.) Tlio length of a line appears to vary according to the angle 
and direction of certain other lines in relation to it (fig. 269). The 
length of the two vertical lines is the same, yet one appears much 
longer than the other. (A large number of similar illusions will be 

found in Du Bois-Reymond^s Archiv, 1890, 
p. 91, by F. C. Muller-Leyer, and Ldska^ 
p. 326.) 
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6. Imperfect Judgment of Distance. 

(a.) Close one eye, and hold the left 
forefinger vertically in front of the other 
eye, and try to strike it with the right 
forefinger. On the first trial one will 
\ / probably fall short of the mark, and fail 

\/^ to touch it. Close one eye, and rapidly 

try to dip a pen into an inkstand, or put 

a finger into the mouth of a bottle placed 

fto. s6o.— To show FaiM ** * convenient distance. In both cases 

EstSnate of sire. one will not succeed at first. In these 

cases one loses the impressions produced 
by the convergence of the optic axes, which are important factors 
in judging of distance. 

(6.) Hold a pencil vertically about 15 cm. from the nose, fix it 
with both eyes, close the left eye, and then hold the right index- 
finger vertically, so as to cover the lower part of the pencil. With 
a sudden move try to strike the pencil with the finger. In every 
case one misses the pencil and sweeps to the right of it. 

(c.) Fix a wire ring about 3 inches in diameter into the end of a rod about 
2 feet in length. Hold the rod at arm's-length, close one eye, try to put 
into the ring a vertical process attached to a rod of similar length held in the 
other hand. 

7. Imperfect Judgment of Direction. 

As the retina is spherical, a line beyond a certain length when 
looked at always shows an appreciable curvature. 

(a.) Hold a straight edge just below the level of the eyes. Its 
upper margin shows a slight concavity. 

(6.) In indirect ylsion the appreciation of direction is still more imperfect. 
WhUe leanin^^ on a larse table fix a ])oint on the table, and then try to arrange 
three small pieces of coloured paper in a straight line. Invariably, the papers, 
being at a distance from the fixation-point, and being seen bv indirect vision, 
are arranged not in a straight line, but in the arc of a circle with a long 
radiup* 

8. Perception of Size. 

Fix the centre of fig. 270 at a distance of 3 to 4 cm. from 
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the eye, when by indireut vision the broad white and black areas 
of the peripheral parts, bounded by hyperbolic curves, will appear 
as Bmidl and the lines bounding them as straight as the smaller 
areas in the middle zone. 



9. Convergence of the Visual Axes Infiuences one's Concep- 
tions of Size and Distance. 

(a.) Place a blackened paper tube before each eye, look at a fixed 
object, and then gradually converge the tubes ; the object appears 
larger , 




(h.) Look at an olijpct through two pieces of glaas (ij x 2| ^< J in.), held 
Ht Krat ill the same }i1«ne, one in front of each eye. Let theadjoining odges of 
the tvo plates of glass be Diaved each on a vertical aiia, so that they tbrm either 
a more or leas obtuse angle with each other. In order to sue the object dis- 
tinctly the Biea of the eyeballs must converge to a greater or leaa extent, ss 
the case may be, with the result that the ohjact appears larger or smaller, or 
apjieare to ap]jroach or recede as the plates are rotated. Special lormi 
aj'paratuB contrived hy Rollett, and another by Landoia, are used for 
jiurjioiie. 
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(6.) Badial MoTement.- 

Whiioanotherperaon rotates I 
a disc like fig. 271 on tho / 
rotating wheel, look steadily j 
at the oontre of tha disc \ 
Oue has the impre3«ion 
if the disc were coveredw 
circles which, arising in thft I 
centre and gradually becom- ft 
ing larger, disappear at thas'fl 
perifiherj. After long lixa- f 
tion look at printed matter | 
or at a poraoii'a face; tbsV 
letters aiipear to movs ■ 
towards the centre, whilel 
the person's face apMars 
to become smaller . — ~" 
ced^ Ifthedisobe 
in the oTi]iosite ^direction, J 
the opposite reaults a " '" 
tained. 
(c.) Fii an object, turn J 
■ "'■ the head rapidly, and not 

that the object appears T 
mOTC in an opposite direction. When the eye does not move, we indg 
that a body is in motion when the image of that body falls Bnocesairay o 
diilerent paints of Che retina, and at the same time are conttcioua that tti^] 
ocular iuuscles have not contracted {Bfnunia), 
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KtJHNE'S AHTIFICIiL BYE - MIXING COLOUR J 
SENSATIONS— COLOUR BUN DNESS. 

1. Etthoe'fl Artificial Eye (tig. 372). 

(a.) Fill the instrument with water, and place it in a darkened room withf 
the cornea directed to a hole in a shutter, tlii'ough which sunlight is dim 
by means of a heliostat. If this ia not available, use an oxy-hydi'ogen I»tq 
or electric light to throw parallel rays of li^ht on the Cornea. If these <»QnO„ 
be had, nse a fan-tailed gas-burner, but in this case the illumination Bifo^ 
images will be feeble. To enable one ta observe the course of the rays of I^ibt^fl 
pouT some eosin or fluorescin into the water in the instrument. ■ 

{6.) Formation of an image on the retina. Observe the course of the nj«l 

of light, which come to a focus behind the lens — the principal poBlcrior ff 

Move the ground gUfis representing the retina, and get a clear inverted ii 
of the source of liij;ht. A'.ff.— In this instrument accimniodation is effi 
not by altering the curvature of the lens, as in the nuniial ej-e, but by mOvin( 
the retina. 



nv.] 



kOhne's artificial eye. 
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(t.) Plftca convex snd concave lenaes between tha Miiiros of light and tho 
oorneD. ; observe how each altera the coarse of the rays and their iocua. 

{d.} After having an image well focuseed upon tlie retina, move the latter 
away from the lens, when the image becomes blurrM owing to diffuEioD. If, 
however, a slip of lino, with & hole cut in it to act s» a diaphragm to cut oil 
aome of the marginal rays, be int«qioBed , the image is somewhat improve]. 

(«.) After seeing that the light is shar]jly focussed on the retina, remove tho 
lens— 1« imitate the condition after teaoval of the Ien» for cataract— and 
observe that the rays are ibcuased quite behind the retina. 

(/.] Place the removed leus in front of the cornea, the principal fbous is 
now much iu front of the retina, so that a much weaker lens than ttie or" 
removed hia to be uaed after removal of the lens for cctanict. 




Fm. 171.— Kahne'i ArtlBeial Ere, 



and the cylindrical lens place a sheet of line with a cross out out in it, or with 
1 number of holes in a horizontal lino. One cannot obtain a distinct iniigo of 
the cross OT the holes, as the case ma; be. 

(A.) Soheiner's Experiment.— With the light properly adjusted, place in 
front of the cornea a jiieco of ziao perforated with two holes (c), t cm. in 
diameter, in a horizontal lino, the distance between the holes being less than 
the diameter of the pupil. Find the poailioa of the retina— and there is only 
one position— in which tho two beams of light are brought to a focus. Mois 
the retina towards the cornea, and observe two images ; close the right-hand 
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hole and the ri};ht-hiind imaf^e dUappaara. Bring the retioH posterior to 

Eriii'.'ii«1 foFue, and again there an two images. On closing the rigbt-hi 
ole tiie left hand image disap]>ears, and vice vrsd. 

3. Hering'B Aptnrataa for Hiiing the Coloan of Oolonred QIatEU. 

By iiiixiDg two primarj colours (tsU, yellow, green, blue), one may obtatn J 
all intennediatB hues, anJ by mining three coionrs (red, green, and hh 
yellow, green, and riolet), one can obtain white. The apj>atatuB consist 
iiox ^(fig. 273), two pieces of mirror slaas {« and «,), eauh |)laced it anangla HM 
45° to the iiorizontal plane as shown Ln Gg. 274. The base of the box consUts T 
of a iwlourad glsBS {/,). white Che lower half of Che right lateral wall 1*4 
filled with the coloured glass [ilftte {/,), and the upper half of the left wal] hfW 
the coloured glasa plate (/). The white gt^sa plataslW, W,, W,}rflflfict light 1 
through the coloiited glasHs (fig. 273). The light transmitted Irom below, T 




and that from the two sides, is transmitted by a tube tn the obaerver'a e^e. 
The bKghtness can bi varied by cdjusting the white reflecting surfaces, which 
are iilaced opl>asite a well-lighted window. By means of three small metallic 
doors (/, I, ) any one of the colours ca.n be cut off. Thus any eombination of 
ooloursd lights can be made, as the glaasea are movable. The writer hiiB 
found it uest to put the violet or blue lowermost. 

3. Mixing Colour SensatioiiB. 

(a.) Lambert's Method. — On a black background place a blue 
wafer or square of blue paper, and 6 or 7 inches behind it 
yellow gquare or v.-afer. Hold a plate of clear glass verticalljri] 
about 10 inches above and midway between the two sqi 
Look obUquely through the glass, and get the reflected inioge 
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yellow to overlap the blue, seen directly through the glass ; where 
they overlap appears ichile. Hering has arranged a krge form of 
this apparatus suitable for class purposes. 

(i.) Arrange on the spindle of the rotating appanituB the disc with coloured 
sectors provided for you (lift- 27S)- On rotatinuthe disa rapidly, obBerve that 
it appears grey or u^itisli. The disc is provided with ttxiton corresponding 
to the colours of the spfctrum, and arranged in varying projiortiona. 

(f.) Anange three of Clerk-Maxweira celaur disce — red, green, and violet 
— UIWA the spindle of the rotating apuaratua. Adjust the relative 






three colours, ao that on rapidly Totaling tliem tliej give rise to tlie 
n of grey or white. Each disc is of a special colonr, and haa a radial 
slit Irom the eentre lo the circumlerenBe. This slit enableaa discoladiflereul 
colour to be sli^'ped Over the other, and thuH many discs can ite auperjiosed, 
and the amount ol each coloar eipoteil regulated iu any desired proportion. 




(e.) Arrange two coloured discs of vermilion and hluiah-greeu in the pro- 
portion of 36 of the former to 64 ol the latter. Oti the same spindle arrange 
a white and a blach disc — with a diameter a little more than half that of the 
former pair— the white being in the proportion of 21.3 to 78.7 of the black. 
On rotating, a grey colour is obtained from lioth aots of diaca 

4. To Test Golour-fir'adDess. — On no account is the person 
being tested to be asked to name a colour. In a large class of 
students one is pretty suit to find some who are more or less colour- 
blind. The common defects are for red and green. 
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(a.) Place Holmgren's worsteds on a white background in a 
good light. Select, as a test colour, a skein of a light green colour, 
such as would be obtained by mixing a pure green with white. 
Ask the examinee to select and pick out from the heap all those 
skeins which appear to him to be of the same colour, whether of 
Hghter or darker shades. A colour-blind person will select 
amongst others some of the confusion-colours, e.g., pink, yeUow. 
A coloured plate showing these should be hung up in the labora- 
tory. Any one who selects all the greens and no confusion-colours 
has normal colour vision. If, however, one or more confusion- 
colours be selected, proceed as follows : — Select, as a test colour, a 
skein of pale rose. If the person be red-blind, he will chose blue 
and violet ; if green-blind, grey and green. 

(h.) Select a bright red skein. The red-blind will select green 
and brown : the green-blind picks out reds or lighter brown. 

5. Contrast and Simultaneous Contrast. 

The following are examples of simultaneous contrast where 
stimulation of the retino-cerebral apparatus modifies the sensations 
excited by a different portion of the retina when the compared 
objects — light or colour— are looked at simultaneously. Contrast 
phenomena were carefully studied by Chevreul in relation to the 
effects produced by colours juxtaposed in tapestry in the Gobelin's 
factory of Paris. Contrast may apply to size, light, colour, and it 
may be simultaneous or successive, 

(a.) Place a small white square or oblong piece of paper or cross 
on a dull, black surface. Stare steadily at the white square, and 
observe that the edges appear whiter than the centre ; indeed, the 
centre by contrast may appear greyish. A white strip of paper 
placed between two black strips, looks white at the margin near 
the black. 

(b.) Look with one eye at the sky through a i-inch blackened 
tube, both eyes being open. The field of vision looks much brighter 
when seen through the tube than is the case with the other eye. 

(r.) Place side by side a white and black surface. Cut two 
oblong (ij^x^") pieces of grey, yellow, or other coloured paper 
of exactly the same size, and lay one piece of the grey on the white 
background, and the other on the black. Observe how much 
brighter the latter looks owing to contrast. Reverse the pieces, 
and notice that the same result occurs. Repeat with other 
colours. 

{d.) On the rotating machine cause a disc, as in fig. 276, to 
rotate with moderate rapidity, when several zones will be seen, the 
innermost black, while each one farther outwards is lighter in tint. 
Each zone, where it abuts against the inner darker zone, is lighter 



, and shades off gradually to t 



of different coloured paper (say pale red and 
them side by Bide. Fix two Bimilar strips 
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than the rest of the 
outer part of the zone. 
(e.) Take two piece 
pale green) aiid placi 
apart from each other and 
distant from the other two. 
The two slips juxtaposed 
differ in colour from the 
isolated pieces. In the juxta- 
posed sli[a the colour of 
the one influences the colour 
of the other, i.e., each one 
looks as if it were mixed 
with a certain amount of 
the complementarj colour 
of the juxtaposed slip 
(G/evrevl). 

if.) Place on B table & small 
Blieet (4'' X 4''] of red and one of 
green paper. Cut out of a sheet ^"»- J76.— BIk (or Cuntrait. 

of red ]ia^er two pieces about 

I inch Bquarp, and place them ou the two large equarea. Observe that the 
email red square ou Che green ground appears lar brighter and more saturated 
than the red square on the red ground. 

((/.t Gut a small hole (j =< S mm.) JD a piece of coloured paper, e.g., red, 
and look through the hole at a sheet of white paper, the hole appears 
greenish, 

{/I.) On » mirror place a slip of tronaparent coloured glass, e.j., red or green. 
Hold in front of the coloured glass a narrow strip of white pajier ; by adjust- 
ing the position of the glass in relatton to the liglit, we see two images reflected 
from the anterior and posterior auriaee of the mirror ; oue has the same colour 
03 the coloured glass, while the other or jmsterior one boa the complements ry 
colour ; if a red glass be used the latter is green, if a green glass it is red. 
Hold io Iront of the red gloss a piece of white paper with black printed matter 
on it. The black print is seen green in the posterior image. Gum a few 
narrow strips of white pajiar (1 mm. in diameter) on black paper, and on hold- 
ing it up in front ol the red glass, as before, the auterior image appears in the 
coniplemeutary colour of the glass, viz., green. 

{i.) Place four lighted caudles in a dark room before a white surface, and 
push between the candles and the screen towards the centre of the series an 
opaque screen, e.q., cardboard, with a clean-cut vertical edge. A part of the 
vhite surface is illuminated by all four candles, then a vertical area illumi- 
□aCed by three, and so on, and finally a part not illuminated hy any of the 
candles. Each of these areas is throughout its entire extent equally illumi- 
nated, yet on the side where each area abuts against a darker area it ap[)eara 
lighter, on the other side darker, and gradually shaded between its outer and 
inner limits. This is due to the fact that strong stimulation of one part of 
the retina diuiinishes the excitability in the other parts, and the parts most 
affected are those next the excited area. Thus a change in the excitability 
of one part of tbs retina is brought about by stimulation of an adjacent 
part. 
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(j,) H. Meyer's Experiments on simultaneous contrast, 
(i.) Cut out a small oblong of white, or preferably of grey, paper, 
and put it on a large piece of bright green paper (4 inches square) ; 
the. grey suffers no change. Cover the whole with a thin semi- 
transparent sheet of tissue paper. The grey oblong appears pink, 

(ii.) Instead of green paper place the grey slip on red, and cover 
it as before ; a greenish-blue contrast colour is seen. 

(iii.) Repeat (a.), but place a red square on a grey ground; the 
red square wiU appear greenish. 

(iv.) A grey square upon blue appears yellow; a yellow upon 

blue appears white, when 
covered with tissue paper. 
All the above are modifica- 
tions of H. Meyer's experi- 
ment. The tissue paper is 
used, as contrast colours are 
far more readily excited 
by pale than by saturated 
colours, so that differences 
of sensation are much greater 
with weak than with strong 
stimulation. 

(v.) Surround the small 
square with a broad black 
line, each square appears in 
its own colour. The effect 

Fig. 277.-Diflc for Simultaneous Contrast ^f contrast is destroyed. 

{k, ) Place side by side two strips of paper, green and red (6x3 in. ). Over 
the line of junction place a strip of grey paper (^ x 6 in.), and cover the whole 
with tissue paper, as before. The grey appears pink on the green side, and 
greenish on the red. This contrast is also set aside by running a black 
margin round the grey strip. Do the same with yellow and blue. 

(/.) Arrange a disc like fig. 277 on the rotating wheel. 
On a white disc fix four narrow, coloured {e.g., green) 
sectors, and interrupt each in the middle, as in the 
figure, with a black and white strij>e. On rotating the 
disc, the ring, which one might expect to be grey from 
the black and white, appears reddish, i.«., the comple- 
mentary colour of the greenish ground. 

{m. ) Place a strip of grev pajjcr on a black background 
and a corresponding strip on a white ground. The 
foimer will appear much lighter, the grey on white 
much darker. Fix the eyes for a minute on a point mid- 
way between the strips ; close and cover the eyes. The 
after-images will show a great difference in luminosity, 
(n.) Sagona Scina's Experiment. — ^Two pieces of wood fixed at right angles 
to each other are covered by white paper, while a coloured sheet of glass is 
held at an angle of 45'' between them (fig. 278), or the apparatus of Bering (fig. 





Fig. 278. — Kagona 
Scina's Experi- 
ment. 
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279) may be used. Look TertidLll; tliroiigh the glass at the horizontal white 
psjjar. o.nd observe a pale red tint. Attach a small black square to the centre of 
the vertical arm at B, the image of this square is seen at b as a dee]] red image. 
riace a similar black sqiiarR on the luirizontal lioard at C, it ebould appear 
grey ; but a grey on a red grouud 
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e sees a gree 



iR))-bli 



, l", P) « 






Hrjuare alongside a red oj 

6. EeriDg'B Apparatos for SimultaneonB 

Gontiaat. 

(« ) By means of on 
refractive prisms (fig. zS 
image is obtained of narrow 
coloured paper placed either on 
a coloured backgronnd. If blue be pla.ced 
on yellow, the double imaee is blaish. and 
if yellow Le placed on blue, the double 
image is yellowish {PfiHgtr's AnAiv, 
47. P- =37). 

(A.) The apparatus of Bering (fig. xSt) 
is also useful for simultaneous cootrat' 
Coloured glasses [f.g., blue and red) a 
jilaued in P and P', and light is reflected 

through them by the aiQustable white j.,,, ,,„,— Herina's AnpamtuB (or 
surlftofls [W, W). On looking at a narrow Coiitimt. 

black strip (S) on a wliite ground, one sees 
contrast phenomena aooording to the colours of the glass used. 

*"' " " " *n front of the red glass, when looked at with one eye, 




red, j 



la th. 



.3 that 




I 



a done by lookini 
with the instrument), tl 
ground. The black atri 
I.e. its image is formei 



i bead (k) fi\ed on the point of a rod (sup])lied 
s latter being leld hfltween the eyes and the white 
I seen under these canditiuiis forms a double image, 
ou two noD-carrespondiug parts of the retina. The 
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Tliere are two theories of contrast, viz., that of Helmholtz, the 
" paycholof^ical theory," and the " phyeiological theory," of wliicj, 
Hering is the chief supporter. Heritig has devised many esperimenUj 
in support of liis contention. The former theory represents contra 
as due to an error of judgment. On the physiological theory, HeriQ 
supposes that there are material chiimical changes in a hypothetica 
retino-cerebral " viaton-etufF" ("Seh-atoff"}. These changes i 
be assimilative (anabolic) (black, blue, green), or dissimilatiwi 
(kataboUc) (wtiite, yellow, red). A change in one area i 
influence the retitio-cerebral apparatus outside the area directl^ 
affected by the stimulus. 

7. Hering's Experiment on Simultaneous ContraBt. 

Divide a large qiindrilateral sheet of paper vertically into halve^J 
and make one half black and the other white. Near the centre of J 
the vertical division gum two V-shaped pieces of grey paper (pat 
on the black and the other on the white half) with their apicea 
together. The V on the black looks lighter by contrast than that 
on the white. Fix the V'a for a minute, and then look at a oniforn 
surface. Even after the after-image of the back grounds hasi 
disappeared, the after-image of the V on the black ground looksl 
darker than that of the V on the light ground. This, Hering coik' 
tends, must be due to a material change taking place in a localis 
part of the retino-cerebral apparatus. It seems difficult to esplai 
tliis result as dependent upon sa error of judgment due to the! 
inftuence of the background. Hering regards this as a fundaments' 
experiment in support of his theory. Similar experiments may bel 
made with coloured papers. 

6. SnccesBive Light Indaction (Bering). 

{a.) Look for one minuto at a sma.U white circnkr disc on a black butj 
groBnd, e.g., velvet, CloBe and cover the eyes, A ne^tive after-image o 
the diso a]>iiwrs, but it is dni'ker aud blacker than the vtaual area, and it ' 
' a peculiar light area round it, biighteiit clone to the disc, and lading a 
from it. 

(b.) Look at two Email white square jutclieB of paper placed one-eighth ti 
an inch apatt on a black background. On closing the eyes, the black s] 
between them looks brighter than the other tliree sides of tlie tiquarea. 

(e. ) Look at a hiaek strip on a white ground. On closing the eyea there u 
tio partial diLi keiiing of the white ground, but aoij an iutensely bright iiiu,ga 

9. Coloured Shadows. 

(n.) Place an opaqae vertical rod (i inch in diam.) in front of a white haok-J 
ground. Admit not too bright daylight to cast a shadow of the rod. Plaoav 
a lighted candle behind one aide of the rod, the shadow caused by the jeHofwM 
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red light of a candle, and illuminated by the daylight, appears blue, i.e., a 
purely subjective blue, the complementary colour of the yellow-red light of 
the candle, which casts a yellow light. The effect is more pronounced the 
darker both shadows are. To show that the blue is purely subjective, roll up 
a sheet of black palter— black surface innermost — in the form of a tube about 
i inch or less in diameter. At a distance of i8 inches look at the centre of 
the blue shadow, and let an observer cut off the light from the candle by 
means of an opaque screen. On removing the screen no change is visible, 
but if the tube be directed to the line of junction of the blue shadow, with 
the illuminated background just beyond it, the blue appears. 

{b.) In a window-shutter of a dark room cut two square holes (lo cm.) on 
the same horizontal plane, and 2 feet apart. In one fix a uiece of clear glass 
to admit ordinary white light, and into the other fit a red or green coloured 
glass. Both openings must be provided with a movable shutter to regulate 
the amount of light admitted. At 3-4 feet distance place a rod or flat piece 
of wood vertically against a white surface. Observe two shadows. Suppose 
the glass to be red, then the shadow due to the ordinary light is red, that of 
the red class is greenish. Substitute for the red light that of a lighted candle. 
The shadow then appears blue. 

10. Choroidal Illumination. 

(a. ) In a dark room light an ordinary lamp or &n-tailed gas-burner. Place 
the source of light at the right side, about 2 feet from an open book or sheet 
of paper. Partly separate the fingers of the left hand and place them over the 
face, so that different portions of the {)aper are seen by each eye. That half of. 
the page seen with tne right eye has a greenish tint, the other part seen 
with the left eye is red or pinkish. Change the source of light to the left side, 
the colours are reversed. 

(/>.) With the conditions as in (a.), hold a piece of paper (3-4 cm. wide), or a 
visiting-card, between the eyes with its flat sur&ce towards the fiice, the same 
phenomena are seen. 

(c.) Gut in a piece of black cardboard two rectangular holes (4X 10 mm.), 
separated by a distance about equal to that between the pupils, with the con- 
ditions as in {a, ). Hold the cardboard about 10 inches or more from you, 
and look through the holes at a white surface ; four images of the two holes 
will be seen ; the inner right and outer left images are impressions from the 
right eye, the inner left and outer ri^ht from the left eye. This is easily 
proved oy closing either eye, when the images belonging to that eye disappear. 
If the source of light be on the right side, the former pair of images is greenish 
in colour, the latter is pale pink. Change the light to the left side and the 
colours are reversed ( //. Sewall\ The colour- phenomena occur without the aid 
of objective colour, and are due to light passing through the sclerotic and 
choroid coats. 

11. Binocular Contrast. 

Place a white strip of paper on a black surface, look at the white paper 
and squint so as to get a double image. In front of the right eye hold a blue 
glass, and in front of the left one a grey (smoked) glass. The image of the 
right eye will be blue, that of the left yellow. Instead of the grey glass, a 
card with a small hole in it placed in front of the left eye does perfectly well. 
The yellow of the left eye is a contrast sensation. 

12. Positive After-images. 

(a.) In a room, not too brightly illuminated, rest the retina by 
closing the eyes for a minute. Suddenly look for two seconds at a 
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gaft-jet surrounded with a white glohe, then close the eyes. An 
image corresponding to that looked at will be seen. 

{b,) Best the retina by closing the eye», then look at a gas- 
flame surrounded with a coloured glass, or look at a gas-flame in 
which some substance is burned to give a characteristic flame, e,g,^ 
common salt. Then look at a white surface, when a positive after- 
image of the same colour will be seen. In all these cases the 
image moves as the eye is moved, showing that we have to do with 
a condition within the eye. 

13. Negative After-images. These are regarded as a sign of 
retino-cerebral fatigue. — Successive Contrast. 

(a.) Best the retina, and then stare steadily for half a minute or 
less at a small white square or white cross on a black ground. To 
ensure fixation of the eyeballs, make a small mark in the centre of 
the white paper, and fix this steadily. Then suddenly slip a sheet 
of white paper over the whole, a black square or cross will appear 
on the wliite background. I find that the best black surface to use 
is the dull black of the " Tuch-papier," such as is used by opticians 
for lining optical apparatus. Notice also while staring at the white 
paper that its margins appear much brighter than the centre, owing 
to contrast. 

(b,) The black negative after-image may also be seen by closing 
the eyes. 

(c.) Look at a black square or cross on a white ground. Turn 
to a grey surface, when a white square or cross will appear. 

(d,) Stare intensely at a bright red square on a black surface 
for twenty seconds, and then look at a white surface : a bluish- 
green patch on the white is seen. It waxes and wanes, and finally 
vanishes. 

(e.) A green stared at in the same way gives a red, t.e., in each 
case the complementary colour is obtained as a " negative coloured 
after-image." 

(/.) Place a small red and a small green square side by side on 
a black background, stare at them, and quickly cover the whole 
with a sheet of white paper : a greenish-blue after-image will appear 
in place of the red, and a reddish-purple instead of the green. 

These negative after-images are examples of so-called " Succes- 
sive Contrast." 

14. Haploscope (dTrXoos— single). 

Place the eyeballs in the primary position, i.e., look straight 
ahead at a hypothetical object on a level with the eyes, but placed 
at the horizon. The visual axes are parallel, and we have two 
distinct and separate fields of vision. On looking through two 
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paiallel tubee placed one in front of each eye, one obt^ns two 
different retinal pictures. Nevertheless, single vision is the result, 
and the two different pictures are combined to give an iUuiiory 
sensation of one object. One gets approximately haploacopic vision 
with a stereoscope. 

i mny he illustrated by vertical lines, parts of 
"1 Handbuch d. Phydologie, iii. p. 355)1 



V 



Haploscopic i 
circles (Hering, Hermann's 
or by the familiar bird 
and cage experiment (fig. 
282). Hold the figure 
close to the eyes, separate 
the two fields of vision 
hy a card held vertically 
in the mesial plane be- 
tween the eyes, and look 
heyond the picture, i.e., 
allow the eyeballs gradu- 
ally to diverge from the point of convergence. On doing so, as 
the visual axes become less convergent, one has on the right visual 
field a bird, on the left a cage, — the bird appears to move into the 
c^e, and in consciousness we have the illusion as if the bird were 
in the caga 

IS. Stereoscope. 

(d.) Examine a series of stereoscopic slides to show the combina- 
tion of the images obtained by the right and left eyes respectively. 

(6.) Struggle of the Fields of Vision. — Place in a stereoscope 
a slide of glass with vertical lines ruled on one half of it and hori. 
zontal lines on the other half. Look at the two dissimilar inures ; 
note that they are not combined, but sometimes one sees it may he 
only the horizontal, at another only the vertical lines. It may be 
done also with coloured slides. 

(c.) Lustre. — Use a stereoscopic slide, preferably a geometrical 
pattern, e.g., a crystal where the boundary-lines are white and the 
surfaces black. Buch a slide shows glance or lustre. 

le. Lustre in Coloured Objects. 

This may be shown bj looking at a grsen patch (eleotrio green) on a red 
ground through coloured glaas, e.g., a blue glass before one eye and a red one 
before the other eye. Other combiustioiia may be madfw 

17. StereoBOOpy Dependent on Dlfferenoes of Colour. 

(1.) Difference of colour may be the cause of an apparent difference in 
distance. If one looks from a distance of 3 metres at r«d and blue letters 
(S X 4 cm.) on a black backgronnd, to moat obserrers Uie red appears nearer 
than the blue. It is usuar to explain this by difference of accommodation, 
' ■ theredlel ----- 



re effort being required to focus fc 



d letters than (br the blue ; and 
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hence the red is regarded as nearer. This is not a sufficient explanation, as 
many see the blue nearer than the red. The apparent difference disappears 
on closure of one eye, but on opening the other eye, the difference of distance 
asserts itself. Is this due to stereoscopy? Einthoven supposes that it is. 
(Eiiithoven, "On the Production of Shadow and Persi)ective Effects by Difference 
of Colour," j5r«w, 1893, p. 191.) 

(6.) Briicke showed that the retinal images of differently coloured points 
are shifted with respect to one another. Fix on a black background a narrow 
vertical strip of paper, the upper and lower thirds being red and the middle 
third blue. On looking at the strip with one eye the blue part deviates to 
one side and the red to the other siae. ** By covering either eye alternately 
a deviation of the red and blue parts in opposite directions will be observed ; 
and on both eyes being used, the notion of a difference in distance is proved 
by the combination of the two images in such a way that the parts that 
deviate to the nasal side constitute the nearer image, the parts that deviate 
to the temporal side, the further image." Einthoven finds that the stereo- 
scopic effect is more marked with the coloured letters. 

(c.) The relative removal of the differently coloured images is due to the 
excentricity of the pupil. The pupils may be made highly excentric by 
covering them partially. With a nasal excentric pupil (i,e., covered on the 
temporal side) a shifting of the differently coloured images in one direction 
¥dll be observed ; with a temporal excentric pupil {i,e,, nasal side covered) 
the shifting will be in the other direction. 

Let any one who sees the red letters before the blue "cover his pupils 
symmetrically on the temporal side, the red letters retreat and soon appear to 
be behind the blue. On covering the pupils symmetrically on the nasal side, 
the red letters come forward more ana more." 

The bearing of these experiments is fully discussed by Einthoven in the paper 
already referred to. 

17. Benham's Spectrum Top. 

{a. ) A cardboard circular disc, about 4 inches in diameter, is made with one 
half black and the other half white. On the white are .a number of arcs of 
concentric circles of diH'erent radius. On rotating this disc, coloured lines are 
seen whose order is reversed when the disc is made to rotate in an opposite 
direction. The experiment is best performed by artificial light. 

{b. ) Modification by Hurst. 

On a circular disc, 4 or 5 inches in diameter, half white and half black, 
draw in black on the white half and in white on the black half arcs of various 
lengths and thicknesses, as, for instance, the arcs shown in fig. 283. Mount 
the disc on a peg and spin it. The arcs appear as circles of various colours, 
the colour of each depending on its position and length, on the velocity of 
rotation, and on the kind and intensity of illumination. The two outermost 
lines on the disc figured when the disc is turned to the left and seen in very 
bright lamp-light api)ear purple-grey, becoming, 'as the rotation becomes 
slower, brighter and redder, and then in succession bright crimson, scarlet, 
and orange-vermilion. By very bright direct sunlight the earlier shades are 
brighter than the later ones, the colour being at first usually a very pure blue. 
When the disc is turned to the right, the colours are in succession dark green, 
indigo fringed with i)ale blue, black, by lamplight, while by bright sunlight 
the colour is first dull red, then brown, and finally dark blue. They appear, 
however, very different to different observers. 

The colours of the white lines are almost entirely yellow, orange-pink, puce, 
and "electric blue." 

If, instead of arcs of circles, a spiral -line is drawn as in fig. 284, the disc 
exhibits, when spun at a suitable speed, a broad band of colour, consisting of 
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a complete Bflries of all the colours of the apectrum in thair normal order, red 
being on the outer and violet on the inner side of the band when the diac ia 
turned to the left, and ia the reverse order when it ia turnad ■ 
The puiity of the colours seen depends very gTHatly on the light 
bright daylight no trace of a spectrum ia aaan, but a. series of colnura rangina 
from purple through brown to green, or other eejies aocording to intensity of 
li^ht and velocity of rotation. Even under the best conditions, namely, 
bright Ump-light, alow rotation, aud the eyes too btigued to follow the line 
round or auScieiitly practised to remain motionless, the oolours are not all 
brightest at the same moment. Tha violet haa merged into black before the 
rotation has become slow enongh to give the brightest red and orange. 

Beyond the limits uf the spectium -coloured band are two fringaH, a purple 
or violet one beyond the ted, and luminous pale blue on the violet side. These 





the speed of 

The spiral is most easily drawn with a. brush full of black paint, by draw- 
ing it lightly across a rotating ut/iiVe dine while the disc is apinnins. A auit- 
able portion of the curve is chosen and tha other half of tlie disc la blacked. 
Dull black jiaint, such as water-oolour " lamp-black," is best. 

A very different colour -band is producad by a similarly shaped spiral curve 
of white drawn on the black half of the disc. The colours are electric " blue, 
pink, yellow, the bliia baing outermost whan the disc is spno to the left 
Spirals of varioas "pitches" may be used, the line itself being not more than 
one- fifth of the breadth of the space between two succesBive turns of the spiral. 
—{Coniiinmitatrtl bu C. HerUrt Htirsi, Ph.D.) 

The appearances preBsutad whan the toya are viewed in monochtomatio light 
s surprising as those described above (see Abney, Nature, vol. 31, 



p. 292, 1895). 

IB. Anaglyph. 

The pictures of 0: 
pale red and blue. The two pictures are slightly disjilaced relative U 
other. Oh looking at the picture througii a blue and a red glass, i.e., a blue 
glass in front of one eye, and a red one in front of the other, one sees a nearly 
<s object, hut the whole is atereoacopic, 



le object are printed a 



Q different colours, say 
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LESSON LXXV. 

OPHTHALMOSCOPE— INTRAOCULAR PRBSSUREI— 
FICK'S OPHTHALMOTONOMETER. 

The OphthalmoBCope. — Two methods are employed, and the 
student must familiarise himself with both, by examining the eye of 
another person, or that of a rabbit, or an artificial eye. % 

1. Direct^— giving an upright image. 

2. Indirect----giving an inverted image. 

A Human Eye. — (i.) Direct Method. 

(a.) About twenty minutes before the examination is commenced, 
instil a drop of solution of sulphate of atropine (2 grains to the 
ounce of water) into, say, the right eye of a person with normal 
vision. The pupil is dilated and accommodation for near objects 
is paralysed, owing to the paralysis of the ciliary muscle. The 
patient is seated in a darkened room, and the observer seats himself 
in front of him, and on a sUghtly higher level. Place a brilliant 
light, obscured everywhere except in front, on a level with the left 
eye of the patient. 

(h,) The observer takes the ophthalmoscope mirror in his right 
hand, resting its upper edge upon his eyebrow, holds it in front of 
his own eye, looking through the central hole in it, and directs a 
beam of Ught into tlie observed eye, when a red glare — the reflex 
— is observed. The patient is told to look upwards and inwards, 
whicli is conveniently accomplished by telling him to look to the 
little finger of the operator's right hand. The operator then 
moves the mirror, with his eye still })ehind it, and looks through 
the hole until the mirror is within two to three indiea from the 
observed eye, taking care all the time that the beam of light is 
kept steadily thrown into the eye. If the eyes of the observer 
and patient be normal, tlie observer has simply to relax his 
accommodation, i.e., look as it were at a distant object, when the 
retina comes into view as an erect or upright object. 

(<r.) Observe the rfftinal blood-vessels running in diflerent direc- 
tions on a red ground. Move tlie mirror about to find the opfic 
disc, with the central artery emerging from it. Trace the course 
of the veins accompanying the arteries across the disc. 

(2.) The Indirect Method, giving an inverted image. 

(a.) The patient, the Ught, and the observer are as before. 
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The observer pUuea himself about 20 to 18 inches from the patient, 
and, holding the mirror in his right hand, by meaTis of it throws 
a beam of light uito the eye of the patient. When the eye is 
illuminated, he takes a small bicoavex lens of 3 to 3 incheit focus 
in hia unemployed hand — the left in this case — holding it between 
his thumb and index-finger, placing it vertically a or 3 inches from 
tiie observed eye. To ensure that the lena is held steadily, rest the 
little finger upon the temple or forehead of the patient. Keep the 
lena steady, and move the mirror until the optic disc is seen, with 
the details already described. 

In the direct method only a small part of the retina is seen at 
one time, but it is considerably minified ; while by the indirect 
method, although more of the retina is seen at once, it is magni- 
fied only ehghtly. 

If the observed or observer's eya is abnormal, sxiitable glasses to 
be fixed behind the mirror are supphed with every ophthalmoscope. 
In some forms of ophthalmoscope, 
such as that of Gowers and others, 
these lenses (con 
cave - ) are fix 
disc behind the 
disc is rotated, 
be brought to lie 
the hole in 
correct any 

3. Eye of a Living Babbit. 

Instil atropine as before, or 
use an atropinised gelatine disc to effect the same result. Place 
the rabbit in a suitable ct^e to keep it from moving. A suitable 
one was devised by Michel ; use it (iig. 285). Kxamine the eye by 
the direct and indirect methods. N.B. — If an albino rabbit be 
used the observer sees the lai^e choroidal vessels. 

4. Perrin'B Artifloiol Eye. 

Use tliis until a cIbst image ot tlie fundu3 is obtained by botb methods. 
In fact, it is well for tbe student to begin wich tbie. In this model, eye-caps 
to fit oil to the eya are supplied, so as to render the eye-model either myopic 
OT hypermetropic. Afterwards test these, and use the necessary lenses behind 
tbe Tntrmr to correct these errors iu the shape of the eyeball. 

Frost's artificial eye, as made by Curry and pBXtou, ta also useful, as is also 
that of Priestley Smith. 

5, Kuhne'B Method,— If an artificial eye is not at hand, a very 
suitable arrangement is that devised by Kflhne. Paint a disc t« 
resemble the normal fundus when it is seen with the ophthalmo- 
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Bcope. Remove the eye-piece — long one— from an ordinary 
Mope. Screw out the lower lens of the eye-piece, fix ' 
disc, and block up the lower aperture with a piece of cork, 
the eye-piece in a suitable holder, and uae it instead of an eye 
examined. 

6. DemonttratingOplithftlinoBCOpe (/Vies2% i^mi'tA). 

The general arrttnaement of tliis instrument U shown in fig. jS6. At 01 
end ol the horizontal bar is a chin enmiort for the ]i&tieut ; at the other 
perforated glass mirror, capable ot steady adjustment to auy 
transverse ami near to the mirror carries a candle, provided witK alight m 
acreeii on either side of it ; one of these hides the candle from the patient, I 
other hides it from the observer, and enables him at any moment t " ■" 
protect the patient a eye from 





ooDBtmting OphthalmoBoope- Madt 

sary ilhimination without disturbing the adjuBtmeut ul 

wire placed in the pillar of the mirror, and movable to 

piece of white paper, which serves as a fixation point for the jiatienfa t^ 

At the middle point of the horizontal bar is a jointed aup]iort carrying alia 

rod, oneendofwhich is held in thehand ofthe observer, while the other h( 

the lens. By means of this rod the oliseiTer can place the lens In any d 

position in relation to the patient's eye. 

(l.) Arrange the instrument as in Hg. z86. 

{2.) Adjust the patient's seat so as to bring his obin comfortably c 
support ; let htm rest his arms npon the table. 

(3.) FlacB the rod quite horizontal, and then raise or lower the a 
supl>ort until the ceutre of the lens is on a level with the patient's pupil. 

(4.) Push the lens to one side and adjust the mirror so as to throw the ll|f| 
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upon the patient's eye, telling him to look, not at the mirror, but at the paper 
placed upon the wire. The paper must be on the opposite side to the eye. 

(5.) Take the rod in the hand and adjust the position of the lens so as to 
bring the optic disc into view. 

(6. ) In changing places with another observer, cut off the light from the 
mirror by means of the candle-screen. 

7. Intraocular Pressure. — Fick's Ophthalmotonometer. 

This instrument is extensively used in German eye-hospitals, and consists of 
a small brass plate (6 mm. diameter), which is attached bv means of a metallic 
spring to a base, which also carries a scale which indicates the amount of 
pressure-applied. One presses the disc of the instrument against the eyeball 
until it flattens the part to which it is applied, when the pressure is read off 
in grammes. The experiment may be done first on a rabbit, as most of them 
remain quite passive. Place a person with his left shoulder next the window, 
ask him to turn his eyeballs to the right and open his evelids, whereby 
sufficient of the eyeball is made visible for the application of the instrument. 

8. The Pupil,— Normally the pupil in man, rabbits, and other animals is 
black, but in albinos it is reddish. Why ? 

(i.) Select an albino rabbit, and exactly in front of its pupil hold up a black 
card with a hole in it the size of the pupil. Direct the pupil to the light, and 
arrange tlie shade so that all light is kept from the eye except that which 
enters it by the i)upil. The albino pupil then appears black. 

This shows that the blackness of the pupils is not due to the light 
entering the eyeball being absorbed by the pigment of the fundus of the eye, 
but that light entering the eye can only emerge by the pupil when the iris and 
the neighbouring par& of the choroid, in virtue of their pigmentation, do not 
permit Tight to pass through them. The construction of the dioptric apparatus 
of the eye is such that light from the fundus of the eye must be reflected back 
to the source from which it came, i.^., to the focus. As we emit no light from 
our eye none can come to us from the observed eye, so we see the pupil black 
because we do not illuminate the fundus with our body {Schenk), 



LESSON LXXVI. 
TOUCH— SMELL— TASTE— HBARINQ. 

1. Touch— The Sense of Locality. 

(a.) Ask a person to shut his eyes, touch some part of his body 
with a pin, and ask him to indicate the part touched. 

(h.) ^sthesiometer. — Use a small pair of wooden compasses, 
or an ordinary pair of dividers with their points guarded by a 
small piece of cork, or Sieveking's ^sthesiometer. Apply lightly 
the points of the compasses simultaneously to different parts of 
the body, and ascertain at what distance apart the points are felt 
as two. The following is the order of sensibihty : — Tip of tongue 
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(r.i mm.), tip of the middle finger (2.3), palm (8 to g), forehead ■ 
(az), back of hand (31.6), back (66). 

(c.) Test as in {/).) tlie skin of the arm, beginning at the shoulder J 
and passing downwards. Observe that the sensibility is greater 1 
one tests towards the fingers, and also in the transverse than in tl 
long axis of the limb. In all cases compare tlie results obtained ou | 
both sides of the body. 

(rf.) By means of a, spray -prod ucor spray the back of tlie hand with ether, 
and observe huw the sensibilltr is abollsbea. 

(e.) V. Frey'B Method. - A liair of the head or beard (20-40 mm. ]ong' 
Hxed to a wooden match. On pressing the point of the hair against the si 
it may or may not be felt aa a tactile sensation. This depends on the presaure 1 
eiertfld on the hair, and this in turn on the sectional area and stiffneas of th« ] 
hair itself One can measure the pressure exerted by pressing the hair oo a 
balance and from the sectional area of the hair deduce the pressure per sq. 
mm. According to v. Frey the senylbility of the cornea and conjunctiva is 
distributed in a punctifonn manner, iusensible areas easting between : pain 
alone, according to v. Frty, being exporienced from stimulation of the oornea ] 
with the exception of its margin and the teeth, or rather the dentine and pulp. I 
(V. Frey, " Beitrage z. Fhyaiologie d. SclimerzsinnB, " and "Beit. ;!. Sinnea- ] 
phystologie d, Haut," Seiich. a, rf, malh.-j^y8. Classe d. KSnigl. SkeA». I 
Qesell. d. WiasBii. Leipzig, Dec. 1S94, and March 1S9S. Criticism by Nagel, 1 
Pjmger's Archie, Bd. 59, p. 563, 1895.) 

(J.) niuBions — ArlBtotle's Experiment. — Cross the middle o 
the index-linger, as in fig. 287, roll a small ball between the j 
fingers ; one has a distinct impression of two I 
balls. Or, cross the fingers in the same way, 
and nib them, against the point of the nose. 
The same illusiofl is experienced. 

2, The Sense of Temperature. 

(rt.) Ask the person experimented on to I 
close his eyes. Use two test-tubes, one filled J 
witli cold and the other with hot water, or I 
two spoons, one hot and one cold. Apply one J 
or other to different parts of the surface, and J 
ask the persoii to say whether the touching J 
body is hot or cold. Test roughly tlie senai-if 
bility of diiferent parts of the body with oold3 
and warm metalhc-pointed rods. 
('(.) Touch fur, v^ood, and metal The metal feels coldest J 
although all the objects are at the same temperatui 

(c.) Plunge the hand into water at 36° C. One experiences a feeling of hsat>j 
Than plunge it into water at 30° C., at first it feels cold, because hwt I 
abstracted from the hand. Plunge the other band direct into water ^ 
30° C. without previous]; placing it in water at 36° C, it will teal plei 
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(d,) Hold one hand for a time in water at 10° C, and afterwards place it 
in water at 20° C, at first the latter causes a sensation of heat, which soon 
gives place to that of cold. 

{e,) Test with the finger the acuteness of the sense of temperature, ue., in 
two given fluids of diHerent temperatures, what fraction of a degree C. can be 
distinguished. One can usually distinguish I-"*, although the acuteness is 
greater when the fluids are about 30" C. 

(/.) Use two brass tubes (5 cm. long and i cm. in diam.), terminating in a 
point. Cover both, all except the point, with india-rubber tubing. Fill one 
with warm water and the other with cold. Test the position of the warm and 
cold points on another person on various parts of the skin. 

{(},) Warm and Gold Spots. 

With a blunt metallic point touch different parts of the skin. 
Certain points excite the sensation of warmth, others of cold, 
although the temperatures of the skin and the instrument remain 
constant. Map the position of the cold and hot spots by means of 
different colours. 

3. Sense of Pressure. 

(a.) Rest the back of the hand on a table, cover a small area of 
the palm with a non-conducting material, e.g., a wooden disc. On 
the latter place different weights. Estimate the smallest difference 
of weight which can be appreciated. 

(6.) Dip the hand or a finger into mercury. The greatest sensation is felt 
at the plane of the fluid in the form of a ring, but even this is best felt on 
moving the hand up and down. 

4. Peripheral Projection. 

(a.) Press the ulnar nerve at the elbow, the prickhng feeling is 
referred to the skin on the ulnar side of the hand. 

{b. ) Dip the elbow in ice-cold water ; at first one feels the sensation of cold 
owing to the effect on the cutaneous nerve-ending. Afterwards, when the 
trunk of the ulnar nerve is affected, the pain is felt in the skin of the ulnar 
side of the hand where the nerve terminates. 

5. Eeference of Tactile Impressions to the Exterior. — Gene- 
rally speaking, the sensation of touch is referred to our cutaneous 
surfaces. In certain cases, however, it is referred even beyond 
this. 

(a.) Holding firmly in one hand a cane or a pencil, touch an 
object therewith ; the sensation is referred to the extremity of the 
cane or pencil. 

(b.) If, however, the cane or pencil he held loosely in one's hand, 
one experiences two sensations, one corresponding to the object 
touched, and the other due to the contact of the rod with the skin. 
The process of mastication affords a good example of the reference 
of sensations to and beyond the periphery of the hody. 

2 A 



370 WIACTICAL PHYSIOLOGY. [lXXVL 

6. Sense of Contact. 

Touch your forehead with your forefinger, the finger appears 
to feel the contact ; but on rubbing the forefinger, or any other 
digit, rapidly over the forehead, it is the latter which is interpreted 
as " feeling " the finger. 

7. Weber's Circles. 

Cut short lengths from glass tubing of various sizes, varying from 
a quarter of an inch to two inches or more in diameter, and provide 
glass vessels of similar size, each with a glass base. Press the 
smaller circles and corresponding size of vessel on the cheek and 
forehead and the larger ones on the thorax or abdomen. It is 
impossible when the eyes are shut to determine whether a closed 
or open vessel is pressed on the skin. The size of the vessel to 
obtain this result varies with the cutaneous surface experimented 
on. 

8. Illusions. 

{a, ) Place a thin disc of cold lead the size of a florin on the forehead of a 
person whose eyes are closed, remove the disc, and on the same spot place 
two warm discs of eaual size. The person will judge the latter to oe about 
the same weight, or lighter, than the single cold disc. 

{b.) Compare two similar wooden discs, and let the diameter of one be 
slightly greater than that of the other. Heat the smaller one to over 50" C, 
and it will be judged heavier than the larger cold one. 

(c.) Lay on different parts of the skin a small square piece of paper with a 
small central hole in it. Let the person close his eyes, while another person 
gently touches the uncovered piece of skin with cotton wool, or brings near it 
a hot body. In each case ask the observed person to distinguish between 
them. He will always succeed on the volar side of the hand, but occasionally 
fail on the dorsal surface of the hand, the extensor surface of the arm, and 
very frequently on the skin of the back. 

(d.) Estimation of the distance of two neighbouring parts depends on the 
size of the sensory circles. If the points of a pair of commsses about i cm. 
ai>art are placed on the skin in front of the ear and movea towards the lips, 
the points feel as if they diverged. 

9. The Muscular Sense. 

(a.) With the arm and hand unsupported, the eyelids closed, and the same 
precautions as in 3 {a.), determine the smallest difference which can be per- 
ceived between two weights. It will be less than in cartridges filled with a 
known weight of shot, and tested by the pressure-sense alone. The cartridges, 
e.g.j 100 grms., are numbered, and they are so made as to have a small increas- 
ing increment of weight. They are alike in external appearance. 

(6. ) Take two equal iron or lead weights, heat one and leave the other cold. 
The cold one will feel the heavier, 

10. Taste and Smell. — Prepare a strong solution of sulphate of 
quinine, with the aid of a Uttle sulphuric acid to dissolve it (bitter), • 
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a 5 per cent, solution of sngar (sireei), a 10 per cent, solution of 
common salt (saline), and a i per cent, solution of acetic acid 
(acid), 

(a.) Wipe the tongue dry, lay on its tip a crystal of sugar. It 
is not tasted until it is dissolved. 

(f),) Apply a crystal of sugar to the tip and another to the back 
of the tongue. The sweet taste is more pronounced at the tip. 

(c.) Repeat the process with sulphate of quinine in solution. It 
is scarcely tasted on the tip, but is tasted immediately on the back 
part of the tongue. 

(fl.) Test where salines and acids are tasted most acutely. 

(e.) Connect two zinc terminals with a large Grove's battery, apply them to 
the u])per and under surface of the tongue, and jwiss a constant current through 
the tongue. An acid taste will be felt at the positive, and an alkaline one at 
the negative pole. 

(/. ) Close the nostrils, shut the eyes, and attempt to distinguish by taste 
alone between an apple and a })otato. 

(g.) Gymnema Sylvestre. — Use a 5 p.c. decoction of the leaves and apply 
it to limited areas of the tongue by means of a camel-hair i^encil. In 20-30 
seconds wash out the mouth and then test the action of glycerin (5-10 p.c), 
quinine (i p.c. with .01 p.c. of H^S04», H2SO4 (.05 p.c), NaCl(.5 p.c). 

The sweet and bitter tastes are readily prevented in all regions ; but acid 
and saline tastes are not influenced (L. E. Shore, "A Contribution to our 
Knowledge of Taste Sensations," Jouni, of Phys,^ xiii. p. 191). It has no effect 
on tactile sensations. 



11. Ear. Hearing. 

(a.) Hold a ticking watch between your teeth, or touch the 
upper incisors with a vibrating tuning-fork, close both ears, and 
observe that the ticking is heard louder. Unstop one ear, and 
observe that the ticking is heard loudest in the stopped ear. 

(b,) Hold a vibrating tuning-fork on the incisor teeth until you 
cannot hear it sounding. Close one or both ears and you will hear 
it. 

(c) Listen to a ticking watch or a tuning-fork kept vibrating 
electrically. Close the mouth and nostrils, and take either a deep 
inspiration or deep expiration so as to alter the tension of the air 
in the tympanum ; in both cases the sound is diminished. 

((L) Connect two telephones in circuit with a vibrating Neefs 
hammer of an induction macliine, and place a telephone to each 
ear ; one hears the sound as if it came from within one's own head 
in the vertical median plane. 

(e,) With a blindfolded person test his sense of the direction of 
sound, e,g,, by cHcking two coins together. It is very imperfect. 
Let a person press both auricles against the side of the head, and 
hold both hands vertically in front of each meatus. On a person 
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making a sound in front, the observed person will refer it to a 
position behind him. 

(/.) Test the highest audible sound by means of Galton's 
whistle. 

12. Dissection of the Middle Ear. — It is most important for the 
student to do this. Use the head of a sheep. Remove the lower 
jaw, expose the temporal bulla. Open this and thus reach the 
tympanic cavity, when the various structures situated in the 
middle ear are readily brought into view. 

18. Influence of Excitation of one Sense-Organ on the other 
Sense-Organs. — Urbantschitsch has made a large number of 
experiments on this subject. 

(a,) Small coloured patches whose shape and colour are not distinctly visible 
may become so when a tuning-fork is kept vibrating near the ears. In other 
individuals the visual impressions are diminished by the same process. 

(b.) On listening to the ticking of a watch, the ticking sounds feebler or 
stronger on looking at a source of light through glasses of different colours. 

(c.) If the finger be placed in cold or warm water the temperature appears 
to rise when a red glass is held in front of the eyes. 
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B. Gflcheidlen, Physiologische Methodik, 1876 (incomplete).— E. Oyon, 
Methodik der physiologischen Experimente u. Vivisektionen, with Atlas, 
1876 (only one part issued). — Ott, The Actions of Medicines, Phil., 1878. — 
CSlaude Bernard and Huette, Prdcis iconographique de m^decine operatoire et 
d'anatomie chirurgicale, with 113 plates, 1873 ; also Lejons de physiologie 
operatoire (edited by Duval), Paris, 1879. — Sanderson, Foster, Klein, and 
Brunton, Handbook for the Physiological Laboratory (Text and Atlas). The 
French edition contains additional matter. — Meade-Smith, Trans, of 
Hermann's Toxicol. — J. Burdon-Sanderson, Practical Exercises in Physiology, 
London, 1882. — ^Foster and Langley, Pract. Phys., London, 1884.— B. Stewart 
and Qee, Pract. Physics. — Vierordt, Anat. Physiol, u. Physik. Daten u. 
Tabellen, Jena, i888.--Miiller-PouiUet, Lehrb. d. Physik., 8th ed., Braunsch- 
weig. — WtQlner, Lehrb. d. exp. Physik. — Livon, Manuel de Vivisect., Paris, 
1882. — ^Harris and Power, Manual for the Phys. Lab., 5th ed., 1892. — Strans- 
Durckheim, Anat. descrip. comp. du. chat, Paris, 1845. — W. Kraose, Die 
Anatomic des Eaninchens, Leipzig, 2nd ed., 1883. — A. Ecker, Die Anatomic 
des Frosches, 1864-1882, 2nd ed., pt. i., 1888. — Biolog. Memoirs, edited by 
Burdon-Sanderson. — Helmholtz, Physiol. Optik, 2nd ed.— Hermann, Hand 
buch der Physiologie (by various authors). — G*d, Real-Lexikon d. Med. Pro- 
padeutik, Wien, 1893 (not yet completed). — L. Fredericq, Manipulations de 
Physiologie, 1892.— Langendorfif, Physiol. Graphik.— Gotch, Practical Exer- 
cises in Physiology. — Halliburton, Syllabus of Experimental Lessons, 1893. — 
Schenck, Physiologisches Practicum, Stuttgart, 1895. — W. Biedermann, 
Elektrophysiologie, Jena, 1895 (* most useful work, chiefly dealing with 
Muscle and Nerve). — Bichet, Dictionnaire de Physiologie, vol. i., Paris, 1895, 

The above list takes no account of the various Physiological Journals. 
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SOME WORKS OF REFERE^^CE ON CHEMICAL 

PHYSIOLOGY. 

Hoppe-Seyler, Physiologische Chemie, Berlin, 1892-94. — Lehmann, 
Lehrb. d. phys. Chem., 3rcl edit., Leipzig, 1853 > andHandbuch, 1859. — Leo. 
Liebennann, Grundziige der Chemie des Menschen, Stuttgart, 1880.— Bobin 
and Verdeil, Traite de chem. anat. et phys. (with Atlas), Paris, 1853. This 
Atlas contains beautiful plates with figures, many coloured, of all the most 
important organic crystalline bodies. — A. Wynter Blyth, Foods, 1887. — Gorup- 
Besanez, Anleitung zur Zoo-chemischen Analyse, 187 1. — Gautier, Chimie 
applique k la Physiologie, 1874. — Lehmann's Phys. Chem. (translated by 
Cavendish Soc., 1851-1854), with Atlas of O. Funke's plates. These plates 
contain some histological figures, and many coloured plates of blood-crystals, 
deposits in urine, &c. — ^Eingzett, Animal Chem., 1878. — Thudichuni, Ann. of 
Chem. Med., 1879. —^' Gamgee, Physiological Chemistry of the Animal 
Body, vol. i., 1880; vol. ii.. Chemistry of Digestion, 1893. — Hoppe-Seyler, 
Medicinische Chemische Untersuchungen, Berlin. This contains a number of 
special memoirs by the pupils of the author. — Hoppe-Seyler, Zeitschrift fiir 
physiologische Chemie, Strassburg, 1877, and continued until the present. — 
Watts* Dictionary of Chemistry, second supplement, London, 1875, — ^Balfe, 
Clinical Chemistry, Loudon, 1880; and Clinical Chem., 1883. — Wurtz, Traite 
de chim. biol., Paris, 1880.— Parkes* Hygiene, 7th edit. — T. 0. Charles, 
Physiological and Pathological Chemistry, London, 1884. — Maly's Jahresb. 
li. Thierchemie. This gives a resume of the most important memoirs pub- 
lished during the year. — Articles in Hermann's Handbuch d. Physiologie, 
1879-1884, and the various Text-books on Organic Chemistry. — Boscoe and 
Schorlemmer, (Organic) Chem., 1884- 1889. — Beilstein, Handb. d. organ. 
Chem. — Krukenberg, Grundriss d. med. chem. Analyse, 1884. — MacMunn, 
The Spectroscope in Medicine, 1880; Clinical Chemistry, 1890. — Drechsel, 
Anleit. z. Darstell. phys. Chem. Pr.iparate, 1889. — ^Ladenburg, Handworter- 
buch d. Chemie. This consists of special articles, and is on the plan of 
Watts' Dictionary of Chemistry. — Kossel. Leitfaden fiir med. chem. Curse, 
1889. — Eohmann, Anleitung z. chem. Arbeiten, 1890. — Landolt, Das oj)tisches 
Drehungsvermogen is the standard work on polariscopic methods. —MacMunn, 
on the Si)ectroscope. This work has good lithographed and coloured spectra. 
— ^Tollens, Handbuch d. Kohlenhydrate, Breslau, 1883. This is the best work 
on the Carbohydrates. — Sutton, Volumetric Analysis. This work gives all 
the most important methods for this process. — Bunge, Phys. and Path. Chem., 
trans, by Wooldridge, 1890, 4th German ed., 1894. — V. Jaksch, Clinical 
Diagnosis, trans, by Cagney, 2nded. — Halliburton, Chemical Phys. and Path., 
i8qi. — Hammarsten, Lehrb. d. Physiol. Chem., 2nd ed., Wiesbaden, 1891. — 
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S. Lea, The Chemical Basis of the Animal Body, 1892. — Salkowski, Practi- 
cum d. phys. u. path. Cheraie, Berlin, 1893. — ^Annand Gautier, Cours de 
Chemie ; Chimie Biologique, vol. iii., Paris, 1892. — Hempel, Gas Analyse, 
translated by L. M. Dennis. — Neumeister, Lehrb. d. phys. Chem., pt. L, 
1892. — Chittenden, Digestive Proteolysis, New Haven, Conn., 1895. 

The literature on the *' Urine" is necessarily very large, and may readily be 
obtained o]\ consulting any of the standard works on that subject. 

The following are the CHIEF JOURNALS AND PERIODICALS containing 

physiological literature. 

Proceedings and Transactions of the Royal Society. 

Journal of Anatomy and Physiology (Humphry, Turner & M*Kendrick) 
from 1868. 

The Journal of Physiology (Foster, and presently Langley) since 1878. 

Archiv fiir Anatomic und Physiologic (Miiller 1834-1858, du Bois-Reymond 
from 1859. 

Zeitschrift fiir Biologic (Kiihne & Voit from 1865). 

Archiv fiir die gesammte Physiologic (Pfliiger from 1868). 

Archiv fiir path. Anat, und Physiologic (Virchow from 1847). 

Archiv fur exp. Path, und Pharmacologic (Naiinyn & Schmiedeberg from 

1873). 
Skandinavisches Archiv fiir Physiologic (Holmgren from 1889). 

Zeitschrift fiir Physiol. Chemie (Hoppe-Seyler from 1877). 

Sitzungsberichte der. Acad. d. Wissenschaften, of Berlin from 1836, of 
Vienna from 1848. 

Ludwig*8 Arbeiten Leipzig from 1866-1877 (continued in du Bois Archiv 
from 1877). 

Comptes rendus de 1* Acad, des Sciences from 1835. 

Comptes rendus de la Sociute de Biologic from 1850. 

Berichte d. de itsch. chem. Gesellschaft. 

Journal de la Physiologic (Brown-Sequard from 1858- 1863), 

Archives de Physiologic (formerly Brown-Sequard, now Bouchard, Chauveaux 
& Marey) from 1868. 

Journal de I'Anat. et de la Physiol. (Robin, Pouchet, now Matliias Duval) 
from 1864. 

Archives Italiennes de Biologic (Mosso from 1882). 



GENERAL REFERENCES AND ABSTRACTS. 

Schmidt's Jahrbucher (from 1834). Canstadt's Jahresbericht ; Hoffmann 
& Schwalbe*s Jahresbericht (from 1873, now by Hermann). Maly*s Jahres- 
bericht ii. d. Fortschritte d. Thier Chemie (chiefly physiological chemistry). 
Hayem, Revue des Sciences medicales. Reports of the Chemical Society. 
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Fhenylamidopropionic 
Acid. 

CeH5.CHa.CH.NH8.COOH. 

Decomposition of albumin 
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Oxyphenyloxypropionic 
Acid. 

[Oxyhydroparacumaric 
acid.] 

^«"<CH,.CH.0H.C00H. 

In the urine of the rabbit 
after feeding with ty- 
rosin. 

In human urine, after 
acute yellow atrophy of 
the liver and phospho- 
rus poisoning. 



Phenylpropionic Acid. 

CeH5.CH2. CHj-COOH. 

Decomposition product of 
albumin, oxidised in the 
oi^anism to 

Benzoic acid. 

CeH5.C00H. 

which passes into the 
urine as 

Hippuric acid. 
C9He.CO.NH.CHs.COOH. 



Oxyphenylpropioiiio Acid. 

[Hydroparacumaric acid.] 
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AROMATIC SERIES. 



Relation to the Decomposition Products op Albumin. 



Oxyphenylacetic Acid. 

pttOH 
^«***CHa.CO0H. 

Putrefactive product of 
tyrosiu ; normal uri- 
nary conatitaent When 
given to an animal, it 
leaves the oi^ganism un- 
changed. 



Phenylacetio Add. 

CeHB.CHj.C00H. 

Putrefactive product of 
phenylamidopropionio 
acid and of albumin, 
passes into the urine as 

Phenaceturic acid. 

CeH,.CH2.C0.NH.CH9 
COOH. 



ParakresoL 

^•°*CH,. 

Putrefactive product of 
tyrosin ; occurs in urine 
as 

^Aos6jOH. 



IndoL 
CH-CH 

Obtained from albumin 
by putrefaction, and 
heating with caustic 
potash. 

In the organism it is oxi- 
dised to 

IndozyL 
C(OH)-CH 

Ptoses into the uiioe as 

Indozylsulphurio add. 
C(O.SOsH)-CH 

NH- 



PhenoL 
CeH^OH. 

Putrefactive product 



of 



tyrosin ; occurs in urine 
as 

CeHQ.OSOsOH. 

In the organism, it is 
partly oxidised into 

Pyrocatechin. 

pxxOH 
^•**<Ofl 

which occurs as a con- 
stituent of horses' urine, 
partly as an ether 
sulpho-compound, and 
partljr free. 



CgH^^ 



< 



SkatoL 
C(CHg)-CH 



NH' 

Putrefactive product of 
albumin, passes into the 
urine as 

(Skatoxylsulphuric acid). 
C(CHa.O.SOaOH)=CH 

2^ 
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SOME PRODUCTS OF TRYPTIC PROTEOLYSIS— LYSIN, 

LYSATIN. 

In Lesson X., 5, Leucin and Ty rosin are stated to be products formed by the 
action of the tryptic enzyme on proteids. These substances, as well as others, 
viz., aspartic acid and glutamic acid, have long been known as decomposition 
products of vegetable proteids, e,g,, as cleavage products by boiling w.th 
dilute acids. Aspartic acid is amido-succinic acid, GOOH.CH20H(NH2). 
COOH, and is also a product of pancreatic digestion of fibrin, while glutamic 
acid, COOH. C8H6(NH2). COOH, is amido-pyrotartaric acid. Both acids 
belong to the &tty acid series. 

Drechsel has recently discovered two new nitrogenous bases — lysin and 
lysatinin or lysatin — products of the decomposition of proteids {cg,^ casein, 
gelatin, egg-albumin) when the latter are boiled with HCl and stannous 
chloride. These bodies result from the simple hydroly tic cleavage of the proteid 
molecule, and it has recently been shown by Hedin that they are also formed 
in trypsin-proteolysis. 

Lysin, C^i^jd^^ ^^ ^ diamido-caproic acid, and is a representative of the 
fatty acid group, and has intimate chemical relationships with leucin. 

L3r8atinin or L3r8atin, CgHjgNgOo. —Its composition is less accurately known, 
but it has the composition of a creatin. The special interest which attaches 
to this body is that, as a product of trypsin-proteolysis, it can by simple 
hydrolytic decomposition break down into urea. Thus trypsin-proteolysis 
yields cleavage products, from one or more of which comes the substance lysatin, 
which behaves like creatin in this respect, viz., that when boiled with baryta- 
water, it yields sarkosin and urea. Thus chemists have found a series of 
cleavage products the result of hydrolytic decomposition between proteid and 
urea. (Chittenden, Digestive proteolygis, p. 103, New Haven, 1895. Cartwright 
Lectures.) 
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XANTHIN BODIES. 



NH-C=N, 

/ I >co 

Xanthin. CO 
C8H4N40a. \ 

NH - OH 
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C-NH 
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/ I >co 
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CgHioN^O^ \^ I 

NCCHj) - CH 



Adenin. 
C5H4N4.OH. 



Hypoxanthin. 
C6H4N4.O. 



Gamin. 
C7H8N4O. 



{Rdknumn.) 



RELATION OF UREA TO THE CO^ DERIVATIVES 
AND THE CY-COMPOUNDS. 



Carbonic Acid. 



o=c{gg 



Carbamic Acid. Urea=Carbamid. 

C0j+2NH3=C0^ 

N0-NH4 

Carbamate of Ammonia. 
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On heating to 130-140® C. : — 

C0<^ -H20=C0<^ Co/ -2HaO=00/^ 

\0--NH4 NNHa \0-NH4 NNH, 

Carbamate of Ammonia. Urea. Ammonium Carbonate. Urea. 



By heating with strong mineral acids or alkalies :— 

yNHa „ ^ yO-NH4 

COi 



<. 



NHa \O-NH4 



Urea. Carbonate of Ammonia. 

{Krukenberg,) 



CORRECTION FOR TEMPERATURE AND PRESSURE 
IN THE HYPOBROMITE METHOD (LESSON XIX.). 

Theoretically i gram of urea evolves 372.7 cubic centimetres of N, but in 
practice it is found irom urine that about 343 cc. are obtained. Suppose 25 cc. 
of N passes over into the gas- collecting tube, and that the temperature of the 
room (0— 10° C. and the barometric pressure 755 mm. Hg, what is the volume 
at standard temperature and pressure ? 

Let V be the required volume at o* C. and 760 mm. Hg ; v be the volume 
read off ; P— pressure of 760 mm. Hg ; p the barometric pressure of the room ; 
T the absolute temperature— -273" ; ^— the temperature of the room (in 
degrees Centigrade + 273) ; then 

VP<-i;;;T.-. t;--!!fandV- ^ 

pT P^ 

-IT 25 X 755 X 273 

760 X 283 "^ f^ 

Next to urea, xiric acid is the most important substance present in urine 
which is decomposed by hypobromite of sodium. It yields 47.7 per cent, of 
its N. But as the quantity of uric acid present in urine is very small, for 
practical purposes it may be neglected. 



CORRECTION FOR TEMPERATURE AND PRESSURE OF 
THE VOLUME OF A GAS, e.g., THE GASES OF THE 
BLOOD. 

The volume of a gas must be reduced to the standard pressure, 760 mm. of 
mercury, and standard temperature, o" C, according to tiie formula : — 

"76o(n-aO 
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V— the required volume at standard temperature, o" C, and 760 mm. Hg. 
V^ — the volume at the observed temperature and pressure. 
A— the observed pressure. 

a— the coefficient of ex^^ansion, which is a constant (.003665). 
^— the observed temperature. 

The formula is obtained as follows : — 

With reference to the correction of the given volume for temperature .- 



and for pressure : 



i + at : 1 ::Y^ :Y 
i+at 



: : A : 760 



i+at 



76o(i+a<) 



Example. — Suppose the volume of gas to be corrected for temperature and 
pressure, i,e,, 7^ — 30 cc., the observed barometric pressure, i,e., A— 740 mm., 
and the temperature of the room, i,e,,t^i$'* C, then the required volume 
will be : 

,,. 30 X 740 22200 , 

V- ^ r . *-^ r-o o -27.6 cc. 

760 ( I + .003665 X 15) 801.78100 ' 

i.e,, 30 cc. of a gas at 740 mm. pressure and 15*^ C. are reduced to 27.6 cc. at 
standard pressure and temperature (760 mm. and 0° C). 



SOLXJBILITIES IN WATER AT 15' to 18' C. 

Ammonium chloride, 36 per 100. 

Sodium chloride, 36 

Ammonium sulphate, 50 „ 

Magnesium sulphate, 125 
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IV. 
RECORDING APPARATUS. 

There are many forms of recording apparatus in use, and some of them are 
described in the text (Lesson XXXIV.). When a number of students have to 
be taught to record graphically the results obtained in an experiment, then 



3^4 a^peKdiIL 

drums moved by some kind of motor are essential. Drums moved by clock- 
work, however convenient for individual work, are not suitable for students' 
purposes. Hence various devices are used so that many men are enabled to 
work at separate drums at the same time. 

Motor. — ^One has first to consider what form of motor one should use to 
drive 'the drums. Some use a small gas-engine, others use a water-motor, as, 
for example, the Swiss form of motor made by Schmidt, or the Thirlmere form, 
while others prefer an electric motor where electricity is available. Such an 
electric motor is made by Siemens and Halske, Berlin, but the initial cost of 
this apparatus is considerable. 

Transmission of Motion. — Next arises the question as to how the motion is 
to be transmitted to the drum. This is done in various ways. In the 
Cambridge system, which is adopted foi some of the drums in the Physio- 
logical Department of Owens College, the motion is transmitted from the 
motor— gas-engine or Thirlmere water-motor placed in the basement — by means 
of an endless quick-running cord. This method is extremely convenient, and 
the drums are so made that they can be readily arrested, and can also be 
made to move at different speeds. 

Some use shafting fixed on a support on the wall or ceiling or on a table. 
To the shaft are fixed coned pulleys, i.e., wheels of different diameters, whereby 
a good range of speeds can be obtained. 

Becording Drum. — Next comes the form of drum to be used. In the 
Cambridge arrangement the drum can be raised or lowered on a vertical axis 
by means of a cluteh, while the drum itself can be set in motion or arrested by 
means of a handle on the driving pulley. The rate of movement can also be 
changed as desired. 

Prof. Schiifer has also designed a form of drum which is moved by a short 
cord passing over coned pulleys fixed to a long rod placed on bearings fixed to 
a tible and moved by a water-motor. It is made by Backhouse, Physiological 
Department, University College, London. 

The Oxford pattern is somewhat different from this, and is made by Butler, 
Physiological Department, Oxford. 

In Hering's large kymographion there is a long sheet of paper (2 metres) 
stretched over an iron framework, which is moved by clockwork driven by a 
weight. In University College, London, to this framework a small cogwheel 
is adapted whereby this arrangement can easily be driven by an ordinary 
motor. It is specially useful for research work where a moderate or slow speed 
of the recording surface is required. 

In the "physiological recording drum" (fig. 288), as made for Dr 
Sherrington, the cylinder is 6 inches by 6 inches, Und is so arranged that it 
can be used in a vertical or horizontal position, and has a lever by which it 
can be instantly started or stopped at any portion of a revolution. The cone 
pulley gives a good range of speeds. The brass cylinder is turned perfectly 
true in a self acting lathe, and has about 5 inches vertical adjustment. It is 
easily removed for the purpose of blacking, and can be run by any light motor 
or clockwork, as desired. The whole is mounted upon a substantial cast-iron 




fw. iJB.— 3hfTrington'» Drum. 

Profenor de B. Birch's SfBtem of Becordlng Apparatoi. — The followiBg 
doscription atipliea lo a. systeni of retftrding apparatos devbed for the Exjieri- 
meDtaJ Laboratory in the New Medictil School buildings of the Yorkshire 
College. The motive power, a HUiall Chicagos top, is ffeared for reduction of 
speed to a 54-iiich htcycle wheel, and this again by a cord to a piece of ithafting, 
19 feet long, ruDuing on hall bearings and supported by brackets fixed to the 
wall of the Laboratory. The shafting caniaa step cones (I, fig. 289), to these the 
drums are geared by corda which run over guide pulleys suspended from the 
ceiling io convenient positions. The tension on these corda U kept constaDt 
by l^onDter weights (L), which allow the Former the play required in shitting 
from one speed to another on the cones when changing the rate of rerolution 

2 B 
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of the drums. An inyerted cone outside the pulley (D) reduces the chance 
of the cord being liberated from (D) during the latter operation. 

The drums can be run in practically any position on their table, and they 
can be removed from the latter without trouble, the gearing cords when not in 
use being attached to hooks on the wall close to the shafting. The tables are 
thus left completely free for other purposes. The drums are proyide(i with a 
starting and stopping contrivance (B) which is independent of the gearing 
cord. The driving spindle, which carries the cone (D) and pulley (£), runs 
in ball bearings in a rocking carrier which is tilted by the lever (B) either 
into contact with or free of (F), a disc attached on the cylinder «xle. -This 
axle is also on ball bearings. The drum can be readily adjusted for height 
or removed for covering and smoking without stopping the driving spindle. 

The running parts are throughout the . system either on centres or <m ball 
bearings. The resultant diminution of friction is so considerable that the 
small motor already mentioned turns eight to twelve cylinders easily with a 
25 -pound water pressure. 

The disc (F) has holes bored into its edge into which a pin or pins can be 
fixed for making contact with (H) when automatic stimulation is required at 
a definite epoch in the revolution of the cylinder. 

The stand (M) ^ lends itself to most experiments on frog muscle, nerve, and 
heart. The bracket (P), adjustable on the pillar (N), will carry any ordinary 
form of muscle chamber, &c. , with slight adaptation. For the support of a 
time-marker the "stirrup** (Q) is provided. This turned behind the 
muscle-chamber will hold a rod upon which the muscle-lever can be rested in 
an after-load experiment, or to which a spring can be attached for the muscle 
to pull upon in taking an isometric myogram. The same can be accomplished 
with the stirrup in the front position by using a second clamp and bent metal 
rod. 

The points of the writing-levers, after being adjusted by hand, can be finely 
adjusted or lifted off the paper by means of the adjusting screw and lever 
(O). Stability is conferred by the weight of metal in the stand (Birch), 



MICRO-CHEMICAL DETECTIOISr OF GLYCOGEN, IRON 
AND PHOSPHORUS IN VARIOUS CELLS. 

Glycogen in Liver Cells.— The essential part of this process is that, as 
glycogen is soluble in water, the liver or other tissue supposed to contain the 
glycogen must not be placed in water. Feed a rabbit on carrots, and 5-6 
hours afterwards kill it ; cut part of the liver into small pieces and harden 
them in absolute alcohol. Gut hand sections, moistening the razor With 



• 1 Since this stand was devised about three years ago, Dr Birch has become acquainted 
with the fact that Runne of Basle makes a stand of aomewhat timilar construction 'wlifoh 
he calls the Basler stativ. 



388 Mvmnnx. 

akobol, or emb^d Mid ect in p>TBfc. Get rid of tiie puBftn %jr 
tnrpe&tiae, And treat bodi tiie ptnifia and AkoM a ect i o ai widi ddoroform 
hi nUeh iodiiie Is diodTed, and mofuit in eUorofiirm bahun eontriimig aome 
iodiiia. Tike broim ftain in the firer eelb indicates gljiugen , which is 
depORted ebiefly in tlie eells anrand tiie Itepatie Tein {Ddifime), 



(a.) Hie tiasne — liTcr oft joong aiwiaal, or sple e n Mast be hardened 
in alooM. The sections are tm asfe ired to a frcshlj-prepaicd section of 
f«<aariian femcjanide acidnlated with hjdroehlone acid. The grannies of 
iron become Une (Tizzamiy, 

(d«) brdcB the Krer in 65 pue. akfAol, then in 90 p^e. akfAol to which a 
few drops of sn l p hu re t ted h jdngen are added. After twenty-fovr hours the 
iron gnnnles bemne green {ZtUaki), 

FhoaplMxms. — ^Flaee sections of the fresh organ lor half an hour in a strong 
solotion of ammonium molybdate, and then transfer them to a 20 p.c. 
solution of pjrogallie acid distolved in ether. Alter a few minutes pass 
them through spirit and clove oil, and mount 'in Canada balsam. A com- 
pound containing phosphorus is stained yellow or brown, and such compounds 
are usually fe'und in the nudeL It is stated that by this method nudeo- 
albumin may be distinguished from mucin {LUienfeld and MontS^ 



KJELDAHL'8 METHOD OF ESTIMATING NITROGEN. 

1. Destruction of Organic Hatter. — Place in a boiling flask ot 100 cc 
capacity a 1- 1 gramme of the powdered dry substance. To destroy the organic 
matter add ia-20 oc of the ibllowing mixture : 200 cc pure oil of yitriol, 50 
cc. Kordhausen oil pf vitriol, phosphoric scid in sticks, 2 grammes, all free 
from ammonia. Heat on a wire gauze with a Bunsen-bumer, but keep the 
tem|)eratare below boiling. To hasten the destruction a little potassium 
permanganate may be added. Heat for 1-2 hours until the fluid becomes 
clear and greenifeh. 

2. Centralisation. — Cool the flask, add a little water, and wash the contents, 
with as little water as possible, into a large flask of 700 oc. capacity. 
Neutralise with pure caustic soda or potash (S.6. 1.13). Add a little 
metallic zinc to prevent bumping during the subsequent distillation. 

S. Distillfttlon. — Rapidly close the flask with a perforated caoutchouc 8to|^r 
through which passes a tube with two i inch bulbs blown upon it. The bulbs are 
to collect and prevent the passage of soda spray. The tube above the bulbs 
passes through a condenser, and the delivery tube end of the condenser tube 
passes into a flask containing a measured excess of standard acid (HCl). 
Distil the mixture about an hour in the flask, and the ammonia passes over 
into the acid. 
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4. Titration. — Determine the amount of acidity in the distillate by titration 
with a standard solution of caustic soda or potash, methyl orange being used 
as an indicator of the end of the reaction. Methyl orange gives a pink with an 
acid, and yellow with an alkalL 

The apparatus used in the Physiological Laboratory of Owens College is 
that made by Messrs Baird and Tatlo(4c (see their catalogue), and is so 
arranged that several estimations can be made simultaneously. Other modi- 
fications are in use. 

Example. — Suppose o. 15 gramme of the N-substance has been treated with 
acid, neutralised, and the ammonia distilled over and received by 100 cc. of a 
decinormal soluti<m of HCl ( — 10 cc. normal acid). The distillate is then treated 
with decinormal caustic soda, and suppose it is found that the neutral point 
is reached when 60 cc. of the dednormal soda has been added. The remaining 
40 cc. must therefore have been neutralised by the ammonia obtained from the 
nitrogenous substance investigated. This 40 cc. of decinormal acid « 4 cc. of 
normal acid— 4 cc. of normal ammonia— 4 x o.oi7»o.o68 gramme of ammonia ; 
o. 15 gramme of the substance*, therefore, yields 0.068 gramme of ammonia, and 
this amount contains ao56 gramme of nitrogen ; 100 grammes of the substance 

investigated will therefore contain r^~ "ST-S grammes of nitrogen. — 

(From Sutton's Volumetric Analysis by Warington.) 



MEASURES OF LENGTH, 

Metric System, 

The standard is the metre ; for multiples of the metre prefixes deoa- hecto- 
and kilo- are used ; for subdivisions thereof, milU- oenti- and deci- are 
used just as in the case of the gramme in the table below. 

I millimetre -0.001 metre— 0.03937 inch. 
.1 centimetre— 0.01 ,, — 0.3937 ,, 
I decimetre -cio „ - 3*93707 inehiai 
I metre -39»37079 t» . 

English System, 

I inch — 25.4 millimetres. 

I foot— i2iBelie8-304.8 ,^ 
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MEASURES OF CAPACITY. 

Metric System, 
• > . . . . 

A litre is the standard, and is equal to looo cubic centimetres (looo oc); 
each cubic centimetre is the volume of i gramme of distilled water at 4** G. 

I cubic centimetre (i 00.)— 16.931 minims. 

I litre— locx) oc — i pint 15 oz. 2 drs. 11 min. (35.2154 oz.) 



English System, 

I minim — 0.059 cubic centimetre. 

I fluid drachm '60 minims » 3*549 cubic centimetres. 

I fluid ounce — 8 fluid drachms — 28.398 

I pint —20 fluid ounces —567.936 

I gallon — 8 pints — 4*54837 litres. 
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WEIGHTa 



I milligramme - 
I centigramme — 
I decigramme « 
. gramme - 
I decagramme — 
I hectogramme — 
I kilogramme — 



Metric System, 

0.015432 grain. 

0.154323 >i 
1.543235 »» 
15.43235 grams. 
154-3235 
- 1543.235 ,i 

- 15432.35 



0.001 gram. » 

o.oi „ — 

0.1 „ - 

1 ,1 - 

10 grams. « 

100 

1000 



it 



If 



—2 lb. 30Z. 1 19.8 „ 
[For practical purposes the kilogramme or kilo is taken at 2.2 lbs.] 



English System, 

I grain — 0.0648 gramme. 

I ounce -437, 5 grains- 28.3595 grammes. 
I lb. - 16 oz. - 7000 „ .=■ 435' 5925 
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THERMOMETRIC SCALES. 

Fahrenheit scale, freezing point of water 32**, boiling point 212* 
Reaumur „ „ „ „ o' „ „ 8o* 

Centigrade „ „ „ „ o" „ „ loo* 

To convert degrees F. into degrees G. subtract 32 and multiply by f or 
0-(F-32)i. To convert 0** into F the formula is F-i O + 32. 



SOME OF THE INSTRUMENT-MAKERS WHO SXJPPLY 

PHYSIOLOGICAL APPARATUS. 

Backhouse, University College, London. 
Butler, Physiological Laboratory, Oxlord. 
Cambridge Scientific Insti'ument Co. 
Hume, Lothian Street, Edinburgh. 
Kershaw, Cankerwell Lane, Leeds. 
Meyer (J. F. ), Seilergraben 7, Zurich. 
Palmer, 5 Eellett Boad, Brixton, London. 
Petzold, Bayerische Strasse, Leipzig. 
Bothe, Wenzelbad, Prague. 
Siedentopf, Wiirzburg. 
Runne, Basel and Heidelberg. 
Verdin, Rue Linn^ 7, Paris. 
Zimmermann, Leipzig. 
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Aberration— Chromatic, 880. 
,, spherical, 380. 

Absorption-bands, 47. 
Accommodation, 381. 

„ line of, 335. 

Aceto-acetic acid, 146. 
Aceton, 146. 

Achroo-dextrin, 18, 22, 69. 
Acid-albumin, 8, 73. 
Acid-h«ematin, 50. 
Acidulated brine, 138. 
Acme sacchar-ureameter, 145. 
Action-current of muscle, 237. 

,, nerve, 238. 

Acuity of vision, 339. 
Adamkiewicz, reaction of, 3. 
^sthesiometer, 367. 
After-images, 359. 
After-load, 200. 
Air expired, 311. 

,, analysis of, 313. 

Albumenoids, 13. 
Albumin, 1. 

coagulation temperature 
of, 4. 

derived, 7. 

egg, 14. 

general reactions, 2. 

native, 4. 

nitrogen in, 3. 

serum, 5. 

soluble, 4. 

sulphur in, 3. 

vegetable, 98. 
Albumin — Estimation of, 139. 
„ in urine, 136. 
,, tests for, 137. 
Albuminates, 73. 
Albuminimeter, 139. 
Albuminuria, 136. 
Albumoses, 8, 73, 78. 
Albumosuria, 139. 
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Alkali-albumin, 7. 
Alkali-hsematin, 51. 
,, reduced, 51. 
Alkaline phosphates, 112. 
Amalgamation of zinc, 158. 

„ mixture, 158. 

Amidnlin, 22. 
Ammonium carbonate, 109, 382. 

„ urate, 151. 

Ampere, 160. 
Amyl nitrite, 294. 
Amyloid substance, 11. 
Amylopein, 80. 
Amyloses, 16. 
Anaglyph, 363. 
Ana^sis of a fluid, 32. 
„ solid, 156. 

Animal starch, 19. 
Anode, 157. 
Apex-preparation, 282. 
Apnoea, 310. 

Apparent movements, 350. 
Aromatic compounds, 378. 
Arterial pressure, 301. 
Artificial eye, 350, 365. 

„ gastric juice, 71. 

„ pancreatic juice, 79. 
Aristotle's experiment, 368. 
Astigmatism, 335. 
Atropin on heart, 277. 
Auto-laryngoscopy, 316. 
Automatic break excitation, 201. 
Auxocardia, 291. 

Barfoed's solution, 2. 
Baryta mixture, 124. 
Bayiiss' writing- poiut, 270. 
Benham's top, 362. 
Benzoic acid, 131. 
Benzo-purpurin, 76. 
Bergmann s experiment, 340. 
Bernard's method for curare, 193. 
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Bernstein's method for heart, 261. 
Bezold's experiment, 330. 
Bichromate cell, 159. 
Biedermann's modification, 243. 
BUe, 87. 

acids, 87. 
actions of, 89. 
cholesterin in, 89. 
crystallised, 87. 
Gmelin's test, 88, 141. 
in urine, 141. 
Pettenkofer's test, 88, 141. 
pigments, 88. 
salts, 87. 
Bile-acids in urine, 111. 
Bile-pigments in urine, 141. 
Bilin, 87. 
Bilirubin, 88. 
Biliverdin, 88. 
Binocular contrast, 359. 

,, vision, 345. 
Biuret reaction, 9, 119. 
Bismuth test, 21, 
Black- band experiments, 342. 
Black's experiment, 311. 
Blind spot, 337. 
Blix's myograph, 217. 
Blood, 33. 

acids on, 55. 

action of saline solution, 34. 

Buchanan's experiments, 39. 

clot, 35. 

coagulation of, 35. 

corpuscles, 43. 

defibrinated, 37. 

S ape-sugar in, 42. 
ky, 38. 

mammalian, 35. 

nitrites on, 53. 

plasma, 35. 

reaction, 33. 

red corpuscles of, 34. 

serum of, 85, 37. 

sodium fluoride on, 54. 

specific gravity of, 34. 

spectroscopy ofi 46. 

stains, 59. 

transparent, 33. 
Blood in urine, 140. 
Blood-corpuscles, 43. 

,, numeration of, 43. 

Blood-gases, 312. 
Blood-pressure, 300, 306. 

„ tracings, 304. 

Bone, 81. 
Bottger's test, 21, 142. 
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Bowditch's rotating coil, 167. 

Bread, 99. 

Break extra-current, 173. 

Break-shock, 171. 

Brine-test, 138. 

British gum, 18. 

Briicke's method for glycogen, 91. 

Brush electrodes, 237. 

Ruchapan's experiments, 39. 

Body eoat, 35. 

Burette, 116. 

Calcium phosphate, 112. 
Calculi, urinary, 149. 
Cane-sugar, 24. 

,, estimation of, 25. 

,, inversion of^ 24. 

Cannula, 305. 

Capillaries, pressure in, 300. 
Capillary electrometer, 233. 
Carbohydrates, 15, 376. 

classification of, 16. 
general characters, 15. 
„ rotatory power, 28. 

Carbolo-chloride of iron test, 77. 
Carbonic-oxide hemoglobin, 47. 

,, spectrum of, 57. 

Cardiac delay, 272. 
Cardiograph, 287. 
Casein, 11. 
Caseinogon, 8, 95. 
Cathode, 157. 

,, as stimulus, 249. 
Cellulose, 19. 

Centrifugal machine, 43, 147. 
Charpentier's experiments, 342. 
Chemical stimulation, 182. 
Chloral, 321. 
Cholesterin, 89, 90. 
Cholic acid, 88. 
Chondrin, 14. 
Chondrigen, 14. 
Chordogram, 206. 
Choroidal illumination, 359. 
Christison's formula, 106. 
Chromatic aberration, 330. 
Chromo-cytometer, 62. 
Chronograph, 211. 
Ciliary motion, 177. 
Circulation, scheme of, 297. 

,, microscopic examination 

of, 800. 
Circumpolarisatiou, 25. 
Clerk-Maxwell's experiment, 340. 
Coagulated proteids, 10. 
Coagulation of blood 35. 
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Guanin, 104. 
Gymnema sylvestre, 871. 

Haematin, 52. 

„ prepamtion of, 58. 

Hsematinometer, 49. 
Htfimatoporphyrin, 53. 
Hsematoscopei 49. 
Hsmaturia, 140. 
Hoemin, 59. 
HflBfnochromogen, 51. 
Hsemocytometer, 48. 
Haemoglobin, 84. 

ash of, 43. 

carbonic oxide, 49, 57. 
crystals of, 45. 
estimation of, 59. 
nitrites on, 58. 
non*diffusibility, 34. 
oxy-, 47. 
ozone test, 46. 
preparation of, 45, 65. 
reduced, 48, 56. 
spectrum of, 47, 55. 
Hsemoglobinometer, 59. 
Hsemoglobinuria, 140. 
Hsemometer, 60. 
Hand-electrodes, 168. 
Haploscope, 860. 
Haser-Trapp's coefficient, 106 
Haycraft's method for S. G. of blood, 

84. 
,, uric acid, 136. 

Hearing, 871. 

Heart — Action of drugs on, 277. 
apex, 282. 
atropin on, 277. 
casts of, 285. 
clamp, 267. 
cold on, 261. 
constant current on, 278. 
current of frog, 242. 
endocardial pressure, 281. 
excised, 260, 269. 
frog's, 259. 

graphic record of, 262. 
heat on, 261. 
inhibition of, 271. 
inhibitory centre, 271. 
latent period, 272. 
lever, 263. 
mammal's, 286. 
motor centres, 272. 
movements of, 262. 
muscarine, 277. 
nervous system on, 279. 
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Heart —effect of temperature on, 260. 
264, 267. 

nicotiii on, 277. 

ox, 286. 

perfusion, 279. 

pilocarpin on, 277. 

record of, 262. 

reflex inhibition, 271, 287. 

section of, 261. 

sounds of, 286. 

staircase of, 271, 278. 

Stannius's experiment, 270. 

suspension methods, 266. 

swallowing on, 287. 

sympathetic on, 275. 

tonometer, 282. 

tortoise's, 265. 

vagus on, 273, 805. 

valves of, 284. 
Heat— Effect on cilia, 177. 

heart, 264. 
muscle, 214. 
nerve, 255. 
Heat-rigor of muscle, 206. 
Heller's test, 187. 

„ blood test, 140. 
Helmboltz's modification, 174. 
Hemialbumoee, 8, 78. 
Hempel's method, 814. 
Hering's apparatus for contrast, 857. 
Hetero-albumose, 78. 
Hey wood's experiment, 818. 
Hippuric acid^ 181. 
Holmgren's worsteds, 854. 
Hot spots, 869. 

Htifner's urea apparatus, 120, 125. 
Hydrocele fluid, 89. 
Hydrostatic test, 810. 
Hypobromite method, 120. 
Hypobromite of sodium, 121. 

Illuminated ox heart, 286. 
Illusions connected with skin, 870. 
Image, formation of, 829. 
Impressions, duration o^ 842. 
Independent muscular excitability, 

190. 
Indican, 184. 
Indifl^erent fluid, 179. 
Indigo-forming substance, 184. 
Indirect stimulation, 188. 

„ vision, 889. 
Indol, 88, 85. 
Induced electricity, 166. 
Induction coil, 166. 

,, £wald's form, 167* 
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Induction, new form of, 166. 

,, graduated form of, 167. 

,, shocks, etfects of, 171. 
Inflammation, 300. 
Inhibition of rabbit's heart, 287. 
Inhibitory heart arrest, 271, 287. 
Interrupted current, 172. 
Intra-ocular pressure, 367. 
Intra-pleural pressure, 3)2. 
Intra-thoracic pressure, 311. 
Inverted image, 829. 
Invert-sugar, 26. 
Iodine solution, 18. 
Iris, movements, 326. 
Iron, test for. 388. 
Irradiation, 346. 
Isometric contraction, 203. 
Isotonic .. 203. 
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Jaffa's test, 133. 
Judgment of direction, 348. 

of distance, 348. 

of size, 348. 
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Keratin, 14. 

Key — Brodie's, 176. 

Du Bois-Reymond's, 160. 
mercury, 162. 
Morse, 162. 
plug, 168. 

spring or contact, 162. 
trigger, 163. 
Kjeldahl's method, 127, 388. 
Knee-jerk, 321. 
Koenig's flames, 317. 
Kreatin, 101. 
Kreatiniu, 132. 

Kiihne's — Curare experiment, 132, 
194. 
nerve current experiment, 

242. 
eye, 350. 
gastric juice, 71. 
gracilis experiment, 253. 
muscle-press, 242. 
pancreas powder, 80. 
sartoriusexpeiiment, 191. 
Kiilz's method for glycogen, 91. 
Kymograph, 301. 

Lact-albumin, 6, 96. 
Lactic acid, 77. 
Lactoscope, 98. 
Lactose, 23, 96. 
Lambert's method, 852. 
Lardaceia, 11. 
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Laryngoscope, 315. 
Latent period of heart, 272. 

,, reflex, 319. 

,, vagus, 275. 

Laurent's polarimeter, 26. 
Lecithin, 103. 
Legal's test, 146. 
Leucin, 82, 86. 
Lieben's test, 146. 
Lieberkiihn's jelly, 7. 
Liebermann's reaction, 3. 
Liebig's extract of meat, 101. 
Ligature, effect of, 285. 
Liquor pancreaticus, 80. 

,, pepticus, 72 
Listing's reduced eye, 337. 
Litliates, 130. 
Liver, extracts of, 93. 
Load on muscle, 214. 
Locality, sense of, 367. 
Ludwig's kymograh, 301. 

„ sph^gmograph, 294. 
Lungs, elasticity of, 309. 
Lustre, 361. 
Lymph -hearts, 300. 
Lysatinin, 330. 
Lysin, 380. 



Magnesia mixture, 113. 
Magnetic tuning-fork, 222. 
Make shocks, 171. 
Malt extract, 70. 
Maltose, 22, 69. 

,, estimation of, 23. 

„ reducing power, 28. 

,, salivary digestion, 69. 
Manometric flames, 817. 
Marey's myograph, 213. 

„ sphygmograph, 291. 

,, tambour, 228. 
Marriotte's experiment, 337 
Maximal contraction, 198. 
Maxwell's experiment, 340. 
Measures of capacity, 890. 

,, length, 389. 
Meat, extract of, 101. 
Mechanical stimulation, 181. 
Meiocardia, 291. 
Mercurial key, 162. 
Metaphosphoric acid, 138. 
Methsemc^lobin, 62, 64. 
Methyl violet, 76. 
Meyer on contrast, 856. 
Metronome, 222. 
Micro-spectroscopes, 17. 
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Milk, 94. 

caseinogen of, 95. 
coagulation of, 97. 
curdling, of, 96. 
„ fat of, 96. 
,, gastric juice on, 75. 
,, iHctalbumin of, 95. 
,, opacity of, 98. 
„ pancreatic juice oil, 84. 
„ to peptooise, 75, 85. 
,, rennet on, 75. 
„ salts of, 97. 
„ souring of, 96. 
,, sugar of, 95. 
Milk-curdling ferment, 96. 
Milk-sugar, 28, 95. 
Milieu's reagent, 2. 
Mineral v, organic acids, 76. 
Minimal contraction, 199. 
Mohr's test, 77. 
Moist chamber, 197. 
Molisch's test, 22. 
Monofiao^harides, 16. 
Moore's test, 20. 
Morse key, 162. 
Mosso's ergograph, 280. 
Mucin, 14. 
MucuH in urine, 135. 
MiiP)erry calculus, 152. 
Mil tier's valves, 812. 

,, experiment, 295. 
Murexide te»t, 1 28. 
Muscn volitantes, 341. 
Muscarin on heart, 277. 
Muscle — Action current of, 237. 
action of heat, 214. 

,, veratria, 214. 
curve of, 203. 
demarcation current, 284. 
direct stimulation of, 188. 
effect of load, 214. 

„ two fihocks, 219. 
elasticity, 216. 
electrical stimulation, 181. 
exoitaliility, 192, 
extensibility of, 226. 
extra tives of, 101. 
extracts of, 100. 
fatigue, 228. 
independent excitability of, 

190. 
indirect stimulation of, 188. 
lever, 197. 
load, 214. 
on mercury, 185. 
pigments of, 102. 
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Muscle — ^plasma of, 102« 
press, 242. 
proteids, 102. 
reaction of, 99. 
rupturing strain, 189. 
serum, 102. 

single contraction, 184, 197. 
sound, 189. 
stimulation of, 183. 
successive shocks on, 219. 
temperature on, 218. 
tension of, 204. 
tetanus, 220. 
thickening of, 228. 
twitch, 198. 
veratria on, 214. 
wave, 226. 
„ work of, 205. 
Muscular contraction, 213. 
load on, 214. 
sense, 870. 
temperature on, 218. 
veratria on, 214. 
Myelin -forms, 104. 
Myographic experiments on man, 229. 
Myographs, 196. 

Blix's, 217. 
crank, 200. 
Fredericq's, 218. 
Marey's, 213. 
pendulum, 206. 
spring, 208. 
Mycsin, 7, 11, 102. 
Myosinogen, 100. 

Native albumins, 4. 
Neef s hammer, 172. 
Negative variation, 236. 

,, after-images, 360. 
Nerve-muscle preparation, 177, 179. 
Nerves — action current, 288. 

cold on, 257. 

demarcation current, 237. 

double conduction, 258. 

excitability of, 192. 

fatigue of, 225. 
,, localised cold on, 258. 
,, salt on, 255. 

section of, 256. 

unequal excitability, 254. 

velocity of energy, 250. 
Neuramoebimeter, 326. 
Neuro-keratin, 14. 
N lectin on heart, 277. 
Nitrites, 53. 

,, in saliva, 68. 
Nitrogen, estimation of, 388. 
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Non-polarisable electrodes, 283, 287. 
Normal saline. 179. 

„ soda solution I 110. 

,, urobilin, 133. 
Nuclein, 108. 
Nucleo-albumin, 104. 

Ohm, 160. 

Oils, chemistry of, 29. 

Olein, 29. 

Ophthalmoscope, 364. 

Ophthalmotonometer, 367. 

Organic acids as tests, 76. 

Organised deposits in urine, 147. 

Ossein, 30. 

Ox-heart, 286. 

Oxalate plasma, 36. 

Oxalate of lime, 152. 

Oxy- hemoglobin, 47. 

crystals of, 45. 

reduction of, 49. 

spectrum of, 47, 49. 

PaJmitin, 29. 

Pancreatic action on fats, 88. 

,, on pruteids, 81. 
,, on starch, 80. 
digestion, 79. 
extracts, 80. 
juice, 79. 
milk, 84. 
peptones, 81. 
Pai-adoxical contraction, 241. 
Paraglobulin, 38 
Pavy 8 solution, 144. 
Pea-meal, 99. 
Pendulum myograph, 206. 
Pepsin, 72, 78. 
Peptones, 9, 74, 78. 

diffusibility of, 10. 
tests for, 9. 
Witte's, 8. 
Peptonised milk, 76. 
Peptonuria, 139. 
Perfusion, 279, 306. 
Perimetry, 844. 
Peripheral projection, 369. 
Perrin's eye, 365. 
Pettenkofer's test, 88. 
Pfliiger's law of contraction, 247. 
Phakascope, 333. 
Phenol in urine, 134. 
„ tests for, 146. 
Phenyl-glncosazon, 21. 
tests for, 146. 
hydrazin test, 15, 21. 
maltosazon, 22. 
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Phloro-glucin vanillin, 76. 
Phosphenes, 340. 
Phosphoric acid, 115. 

„ volumetric process for, 

Phosphorus, test for, 388. 
Physiological apparatus, list of mi 

of, 391. 
„ rheoscope, 240. 

Picric acid, 188. 
Picro-carmine, s})ectrum of, 54. 
Picro-saccharimeter, 144. 
Pigments of bile, 88. 

,, urine, 134. 

Pilocarpin on heart, 277. 
Pince myographique, 228. 
Piotrowski's reaction, 2. 
Piston -recorder, 281. 
Pithing, 176. 
Plasma of blood, 36. 
„ of muscle, 102. 
„ salted, 86. 
Plasmine, 36. 

,, of muscle, 102 
Plattner's bile, 87. 
Plethysmograph, 295. 
Plug key, 163. 

Pohrs commutator, 165, 198. 
Poisons on heart, 277. 
,, on muBcle, 214. 
„ on spinal cord, 320. 
Polarimeters, 25. 
Polarisation of electrodes, 169. 
Polaiistrobometer, 28. 
Polygraph, 289. 
Polysaccharides, 16. 
Positive after-images, 859. 
Potassio-mercuric iodide, 93. 
Potassium bromide, 321. 
,, chloride, 321. 
,, sulphpcyanide, 68. 
Preformed sulphuric acid, 112. 
Pressure sense, 369. 
Proteids, 1. 

classification of, 4. 
coagulated, 10. 
general reactions, % 
non-diffuHil>ility, 3. 
removal of, 12. 
,, rotatory power, 28. 
Proteoses, 8, 73. 
Proto-albumose, 78. 
Ityalin, 68. 
Pulse, 291. 
Pulse-wave, 296. 
Pupil, 367. 

albino, 886, 



II 
11 
I) 
I) 



»» 



400 



INDEX. 



Pupil reflex, 836. 
Purkinje's figures, 341. 

,, Sauson's images, 280. 
Pus in urine, 147. 
Putrefactive products of pancreatic 

digestion, 83. 
Pyrocatechin, 147. 
Pyuria, 147. 

Quantitative estimation of acidity, 
110. 
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135. 

Radial movement, 350. 
Ra^ona Scina, 856. 
Ranvier's emulsion experiment, 30. 
Reaction, biuret, 9. 

„ of Adamkiewicz, 3. 

„ of Liebermann, 3. 
of Piotrowski, 2. 
of Utfelmann, 77. 
xanthoproteic, 2. 
Reaction-time, 323. 
Recording apparatus, 194, 383. 
Reduced alkali-hsematin, 52. 

,, haemoglobin, 48. 

,, ,, spectrum of, 49. 

Ri-flex action, 818. 
Rennet, 75. 
Repeated shocks, 172. 
Respiration, voluntary, 310. 

,, on pulse, 295. 
Respiratory movements, 808. 

,, of frog, 311. 
Retinal shadows, 341. 
Reverser, 166. 
Riieochords, 163, 245, 249. 
Rheometer, 298. 
Rheonome, 187. 
Rheoscopic fro«r, 240. 
Kigor mortis, 100. 
Ringer's fluid, 280. 
Ritter's tetanus, 249. 
Rosenthal's modification, 193. 
Roy's tonometer, 282. 

Saccharimeter, 143. 
Saccharoses, 16. 
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Saliva, 67. ' 

,, digestive action of, 68. 
,, oxidising power of, 71. 
Salivary digestion, 68. 
,, ef^cts on, 69. 
Saponification, 30. 
Sartorius of frog, 186. 
3cheiner*s experiment, 331. 
SchifTs test, 129. 
Secondary contraction, 240, 241. 

„ Biedermann's modification 
243. 

,, tetanus, 241. 
Semi-membranosus and gracilis pn-.- 

paration, 179. 
Seram of blood, 35, 37. 
,, proteids of, 38. 
,, to obtain, 41. 
Serum^ salts of, 40. 
,, sugar of, 40. 
Serum-albumin, 5, 38, 41, 136 

globulin, 6, 38, 41, 138. 

proteids, 38. * 

coagulation of, 39. 
Shadows, coloured, 358. 
,, on retina, 341. 
Shielded electrodes, 168, 
Shunt, 234. 

Simple muscle curve, 202. 
Simultaneous contrast, 354. 
Single contraction, 185. 
Single induction shocks, 171. 
Size, 348. 
Skatol, 83. 
Smell, 370. 
Soap, 30. 

Soluble albumin, 4. 
Soluble starch, 69. 
Solubilities, table of, 383. 
Specific rotation, 25. 
Spectroscope, 46. 
Spherical aberration, 380. 
Sphygmographs, 291. 
Sphygmomanometer, 806. 
Sphyffmoscope, 295. 
iSpinal nerve roots, 322. 
Spirometer, 311. 
Spring key, 162. 
Spring myograph, 208, 213. 
Staircase, 271, 278. 
Stannius's experiment, 270. 
Starch, 17. 

action of malt, 70. 

animal, 19. 

colloid, 18, 70. 

conversion to sugar, 22. 
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Sttrch, potato-, 18. 

soluble, 22. 

stages to glucose, 22, 25. 

staees to maltose, 69. 

under microscope, 17. 
„ under polariscope, 18. 
Steariu, 29. 

Steele's apparatus, for urea, 123. 
Stellar phosphate, 114. 
Stereoscope, 861. 
Stethographs, 808. 
Stethometer, 810. 
Stethoscope, 286. 
Stimuli, 181. 
Stokes's fluid, 49. 
Strasbureer's test, 88. 
Strobic (Uses, 350. 
Stru^^le of fields of vision, 861. 
Strychnia, 320. 

Successive light induction, 858. 
Successive shocks, 219. 
Sugar in urine, estimation of, 142, 

148, 145. 
Sugar fermentation method, 187. 

,, tests for, 142. 
Sulphocyanides, 68. 
Sulphur test for bile, 88. 
Suprarenal extract, 307. 
Swallowing on heart, 287, 312. 
Sympathetic of frog, 275. 

„ rabbit, 802. 

Syntonin, 8. 

Talbot's law, 842. 
Tambour, 228. 
Tapping experiment, 287. 
Taste, 870. 
Taurin, 90. 
Taurocholic acid, 87. 
Telephone experiment, 189. 
Temperature, sense of, 368. 

„ on muscle, 218. 

Tendon, to rupture, 189. 
Tension of muscle, 204. 

„ recorder, 205. 
Test meal, 79. 
Test types, 282. 
Tetauomotor, 182. 
Tetanus, 220, 221. 

„ secondary, 241. 
Tetra paper, 71. 
Thermal stimulation, 182. 
Thermometric scales, 391. 
Time-markers, 210. 
Tiasne-fibrinogen, 104. 
Tonometer, 282. 



Total N., estimation o^ 127* 

Touch, 867. 

Trichloracetic acid, 138. 

Trigffer key, 162. 

Triple phosphate, 114. 

Trommer's test, 20, 142. 

Tropseolin, 76. 

Trypsin, 81. 

Tryptic digestion, 81. 

Tubes, rigid and elastic, 296, 298. 

Tiirck's method, 319. 

Twitch, 185, 198. 

Tyrosin, 82, 86. 

Uffelmann's reaction, 77. 
Unipolar stimulation, 186. 
Unorganised deposits in urine, 149. 
Urates, 130. 
Urea, 117. 
„ nitrate, 117. 
,, oxalate, 118. 
,, preparation, 117. 
„ quantity, 119. 
„ reactions of, 119. 
„ synthesis of, l'i^6. 
,, volumetric analysis, 120, 12S 
Ureameter, 123, 126. 

„ of Doremus, 123. 
Uric acid, 127. 
,, estimation of, 135. 
,, reactions, 128. 
„ salts of, 130. 
„ quantity, 127. 
,, tests, 128. 
Urinary calculi, 149. 

„ deposits, 147, 149. 
Urine, 104. 

„ abnormal constituents, 189. 

„ aciditjr, 107, 110. 

„ albumin in, 136. 

„ alkalinity, 107. 

„ bile in, 141. 

,, blood in, 140. 

,, dhlorides, 111. 

,', colour, 105. 

„ oolouring-matters, 188. 

„ diabetic, 142. 

„ deposits in, 147, 149. 

„ fermentations of, 108. 

,, ferments in, 185. 

,, i^neral examination of, 158 

„ inorganic bodies, 110. 

,, mncus in, 135. 

„ odour, 106. 

„ organic bodies, 117* 

„ phenol in, 184. 
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UriiMy phoiphatim in^ 112. 

pigments of, 1S4. 

pns in, 147. 

quantity, 106. 

reaction, 107. 

reaction to ceagenti, 186. 

aolida in, 106. 

specific gravity, 106. 

sugar in, 142. 

sulphatea in, 111. 

transpareney, IM. 

urates in, 180. 

urea in, 117. 

uric acid in, 127. 
Urinometer, 106k 
UrobUin, 138. 

febrile, 184. 
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Vagus of frog, 278. 

„ latent period of, 275. 

rabbit, 802. 

on beart, 806. 
Valsalva's experiment,. 296. 
Valves of beart, 284. 
Vanillin, 76. 
Vamisb, 197. 
Vascular tonus, 279. 
Veratria, 214. 
Vibrating reed, 211. 
Vision, physiology of, 829. 
Visual axes, 849. 

„ judgments, 847. 
Vital capacity, 311. 
Vitellin, 7. 

Vogel's laotoscope, 98. 
Vouunann'a experiment, 388. 
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Volt, 160. 

Volumetric process, 114. 

for . phosphoric 
acid, 116. 

for sugar, 148. 

for urea, 120, 123 
Vomit, examination of, 79« 
Vowel-sounds, 817. 

WaYe-lengtfas, 66. 

Wave of muscle, 228. 

Weber^s circles, 870. 

Weiffhts, 890. 

Weyrs test, 138. 

Wbeaten flour, 98. 

Wheatstone's fluttering hearts, 880. 

Wheel movements, 846^ 

Whistle, Galton's, 872. 

White of egg, 1, 2. 

Wild's apt>aratU8, 228. 

„ polaristrobometer, 28. 
Wilke's reagent paper, 158. 
Witte's peptones, 8. 
Wittich^s method, 71. 
Work done by muscle, 206. 
Writing point of Bayliss, 270. 

Xanthin, 101. 

„ bodies, 881. 
Xanthoproteic reaction, 2. 



Yellow spot, 340. 

Zollner's lines, 8i7. 
Zymogen, 80. 
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